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HOUSTO 


OilL SHOW 





The equipment illustrated here, we believe, will 
be of particular interest to engineers at the 
Houston Oil Show. Distinctive features in 
instruments, control valves and liquid level 
controllers which mean more value, longer life 
and better control, will make your visit to our 


exhibit time well spent. 


A full line of precision controllers for pressure, 
temperature, level and flow. 








Liquid level controllers with synchronizing 
cam and super-power pilot. 





















Air-operated Potentiometer 
Controllers with unique 
adaptability. 






Angle-type control valves, New design butterfly 
with unequalled features. control valves. 
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Design and Operation of 





New Depropanizing Plant 


J. O. ALBRIGHT 


ANCOCK OIL COMPANY recently started 

operating a new fractionating plant to proc- 
ess gasoline manufactured in its Signal Hill, Cali- 
fornia, refinery. The new plant is operated to re- 
move the lower-boiling fractions from the straight- 
run gasoline from the crude-distillation unit through 
one column, and to reduce the vapor pressure of the 
pressure distillate in another, combining the over- 
head condensate from both columns with vapor- 
recovery product for final stabilization and depro- 
panization. The new plant is complete within itself, 
and was designed by engineers of Hancock Oil Com- 
pany and The Fluor Corporation, and erected by the 
latter. 

Hancock Oil Company has been operating a com- 
plete refining plant for many years, and has increased 
the capacity of the plant at various times with fre- 
quent improvement in its products. The latest addi- 
tion to the refinery is used to process all gasolines 
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produced in the refinery and consists of three separate 
columns, one for straight-run gasoline, another for 
pressure distillate and third to depropanize the con- 
densate recovered from the overhead vapors from 
the first two columns together with the product man- 
ufactured in the absorption recovery plant. The pres- 
sure distillate and the straight-run gasoline are proc- 
essed separately through the stabilization unit, and 
each is returned to storage for subsequent blending 
or shipping. The product entering the final column 
is the combination of overhead vapors from the 
straight-run stabilizing, or stripping column, those 
from the cracked gasoline stripper and the product of 
the vapor-recovery plant. The composite feed to the 
final column is reduced in vapor pressure by the 
elimination of propane while retaining all the bu- 
tanes required for control of finished gasoline when 
blending. 

The arrangement of the depropanizing plant is in 
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straight-line operation. The straight-run gasoline 
from the crude-distillation section of the refinery is 
handled at the rate of approximately 400 barrels per 
day after condensation, by pumping at a uniform rate 
of 12 gallons per minute through horizontal sectional 
type exchangers, counter-current to the depropanized 
material from the straight-run stripping column. The 
charge to this unit has an average temperature of 
80° F. and leaves the exchanger at an average of 
175° F. The heated product enters the straight-run 
stripper above the top plate and follows the conven- 
tional flow downward to the base. The column is 
30-inch x 20 feet and contains 8 stripping trays with 
19-inch spacing, has %-inch shell and %-inch dished 
heads. A shell-and-tube reboiler to control the oper- 
ation of the column is attached to the lower end of 
the column with a 4-inch pipe from the column to 
the reboiler, and a 6-inch line from the re-boiler back 
to the side of the column. Gas oil at the rate of 265 
gallons per minute is pumped through the reboiler 
at 450° F., leaving at 300° F., to return to the refinery 
for subsequent use. A temperature recorder-con- 
troller handles the amount of hot gas oil required 
for efficient reboiling of the material in the base of 
the primary stripper. Final product passes from the 
column and counter-current exchanger at the rate of 
11 gallons per minute, which is approximately 81.5 
percent of the original feed. 

The propane and butanes removed from the 
straight-run gasoline leaves in vapor form from the 
top flange at 175° F. and is condensed in a tube-and- 
shell unit using 75° F. water to reduce the overhead 
vapors to 80° F. as the liquids resulting from con- 
densation, and the free gas enters the raw gas accu- 
mulator. Water is pumped to the depropanizing 
plant at the rate of 175 gallons per minute, following 
a split stream to the primary stripper overhead con- 
denser at the rate required for efficient operation. 

The pressure distillate from the cracking plant is 
pumped to the second column at the rate of 1500 
barrels per day at the condensation temperature of 
80° F., entering an exchanger similar to the primary 
stripper unit, at a uniform rate of approximately 48 
gallons per minute. Heated in the horizontal sectional 
exchanger to approximately 175° F., the material en- 
ters the stripper above the top plate. This column is 
essentially the same design as the primary stripper 
and is equipped with an overhead-vapor condenser 
to liquefy the propane and butane removed from 
the pressure distillate while in process. The reboiler 
of this stripper is heated with 810 gallons per minute 
flow of 450° F. gas oil, which is reduced to approxi- 
mately 300° F. on the exchanger outlet to maintain 
a reboiler temperature of 225° F. Stripped distillate 
leaves the column at a rate of 44 gallons per minute, 
which represents approximately 91.6 percent of the 
feed to the stripper. 

Overhead vapor condensers on each of the strip- 
ping columns are similar in design and application. 
The units are shell-and-tube apparatus, supported 
vertically on the shell of the columns by lugs welded 
to the plates in position so that the vapor inlet of the 
condensers is horizontally opposite the outlet of the 
vapor piping on the column. Both condensers receive 
water from a common source, with the pressure dis- 
tillate overhead vapor condenser requiring approxi- 
mately 1100 gallons per hour of 75° F. water to lique- 
fy desired fractions. 

Liquids and vapors from each stripper enter a 
common receiver, called the raw-gasoline accumula- 
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tor, which is a horizontal vessel supported on a struc- 
tural-steel framework so that auxiliary equipment 
may be operated below the receiver. The drum is 48 
inches by 10 feet, fabricated from %-inch steel plates 
for the shell and 5/16-inch steel for the dished heads. 
Pressure on this vessel is obtained with a _ back- 
pressure controller on the uncondensed gas outlet, 
which in turn controls the operating pressure of the 
pressure distillate stripper. Pressure on the straight- 
run stripper is obtained with an individual back- 
pressure controller installed between the overhead 
condensate condenser and the accumulator drum. 


The operation of both the strippers is variable, and 
any set of operating conditions may be applied to 
obtain the desired product leaving the bases. Either 
column may be operated independently of the other, 
as the only connection between them is the common 
receiver for the condensate resulting from overhead 
vapors. Each column is equipped with individual 
liquid-level controllers, temperature recorder-con- 
trollers to obtain the required reboiler temperature 
and pumps fitted with flow controllers to regulate 
the amount of feed to the columns. The base product 
from each column leaves through separate lines and 
is disposed of separately. The gas leaving the raw 
gasoline receiver is piped to the gasoline-recovery 
plant where any fractions required are removel by 
absorption. 

The combined feed in the raw gasoline accumula- 
tor, being a mixture of pressure distillate overhead 
condensate from the stripper, overhead condensate 
from the straight-run stripper and vapor-recovery 
gasoline, is pumped by a reciprocating steam pump 
to the stabilizer where the propane is removed. This 
material has an API gravity of about 105° and is 
pumped at a controlled rate of approximately 11 gal- 
lons per minute through a sectional gasoline inter- 
changer, counter-flow to the stabilized product from 
the base of the stabilizer. The stabilizer is a vertical 
column 30 inches by 60 feet, with 3-inch feed nozzles 
installed opposite the 12th, 14th and the 16th trays, 
respectively, counting plates from top to base. The 
column is equipped with 32, 7-inch pad-type inspec- 
tion ports, has a 4-inch vapor outlet flange at the top 
and is equipped with a 6-inch reboiler flange, 5 feet, 
9 inches from the base of the column. 

In the interchanger, the combined feed from the 
raw gasoline accumulator is heated to 190° F., and 
flows through a 3-inch line to the designated inlet 
nozzle. The material in the base of the column is 
heated with the reboiler to 270° F. with 1160 gallons 
per hour of gas oil from the refinery, having a tem- 
perature of 450° F., the flow to the reboiler being 
handled by a temperature-recording-controlling in- 
strument. Base product, partially cooled in the gas- 
oline interchanger to 115° F., is reduced to 80° F. 
in a second cooler through which water at the rate 
of 800 gallons per hour is pumped. 

The vapors removed from the combined feed to 
the stabilizer are taken from the overhead flanged 
connection through a 3-inch line which terminates 
at the reflux condenser where the vapors at 140° F. 
are reduced in temperature to 100° F. by 4800 gallons 
of water per hour, the volume of which is controlled 
by a liquid-level controller on the side of the reflux 
accumulator actuating a valve in the outlet of the 
cooling-water system to maintain a constant level 
of reflux in the accumulator. Condensate is pumped 
from this accumulator back over the stabilizer at a 
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PREPARERS 


Arrangement of pumps, controls and instruments in new depropanizing plant. 


ratio of 1:1, reflux to combined feed to the stabilizer, 
to obtain a cooled finished gasoline having an API 
gravity of 96° and approximately propane free. Va- 
pors from the reflux accumulator are returned to the 
vapor-recovery system to be processed with the 
vapor-recovery gasoline to recover any fractions lost 
from the fractionator which might be valuable for 
blending. 

The entire plant is automatic in operation, being 
equipped with adequate instrumentation to control 
feeds, cooling, reboiler heating and reflux ratio to 
the final column. Each product is kept separated from 
the other and all products may be subsequently 
blended to obtain finished gasoline of required distil- 
lation and vapor pressure. The plant operation may 
be summarized as follows: 


Products Charged to Plant 





Barrels 
PROGR eRe osc 2 va. 55 cdpe 0g ae crdeatoldn Kies 1500 
DUKAIONt KN MRSOUHE v3 oc 5 505s codes ere ee aces 400 
Combined stabiimer Reed 0 os oe occa cic tic ties 360 
OEE. 6 553.0 too A aden FAR Oe eee 2260 

Products Leaving Plant 

Barrels : 
PECSSHER CIGPUNMOE: fis cori. osici os osc aden s eee 1350 
Strssobit it SON 55 5s. icc hie io 0 0s oe 350 
SOCINSLEZEU, MIPOUUMES.o5. 5 4:0 G)aelsca sew O0iae asset a 325 
2025 


Total 

On the face of the above summary, the amount 
discarded by the stabilizer would indicate a 10 per- 
cent loss. When it is realized that a large part of the 
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combined feed in the raw gasoline accumulator con- 
stitutes what might be termed recycle, the actual dif- 
ference between fresh feed of pressure distillate and 
straight-run and the final yield is not so great. 

The net results of the operation of this combination 
unit are a pressure distillate of any predetermined and 
required vapor pressure, a straight-run gasoline of 
any vapor pressure, and the accumulated condensate 
from all phases of refinery operation reduced to a 
propane-free product which may be used for raising 
the vapor pressure and lowering the initial-boiling 
point of any subsequently blended gasoline. Gases 
not condensed, and consisting essentially of propane 
and lower-boiling hydrocarbons are thus salvaged 
from refinery operations and used as fuel without 
sacrificing any of the essential hydrocarbons neces- 
sary for a premium gasoline. 






































Products 
Pressure Stabilizer 
Straight Run Distillate Absorption | Gasoline 
(a) | (2) (3) (4) (5) (6) 
To From To From Plant From 
Accumu- 
Stabilizer Stabilizer Gasoline lator 
APL) ae 64.5° 58.5° 57.5° 90.0° 80.0° 
I.B.P.......| 82° F.| 96° F.] 84° F.| 95° F. 78° F. 90° F. 
10 percent..| 124° F. | 144° F. | 130° F. | 140° F. 110° F. 114° F. 
50 percent. .| 200° F. | 208° F. | 252° F. | 254° F. 185° F. 180° F. 
90 percent. .| 296° F. | 300° F. | 361° F. | 365° F. 0 242° F. 
3 Er 340° F. | 346° F. | 404° F. | 406° F. 360° F. 315° F. 
ae | 92% 97% 95% 98% 89% 97% 
Note: Tests, 1, 2, 3 and 4 run at 60° F. 
Tests, 5 and 6 run at 32° F. 
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lso-Octane 
Manutacture 


L. J. COULTHURST 


Design Engineer, Foster Wheeler Corporation 


EVERAL years ago the aircraft industry was 
confronted with the necessity of making a very 
important decision between two basic methods of 
procedure: 1. A high degree of performance could 
be obtained with aviation engines of existing designs 
using 100-octane motor fuel, but this fuel was quite 
expensive. 2. It was believed that an engine could be 
developed to give comparable performance using a 
much cheaper fuel, with an octane rating of only 70 
to 72, but this could not be accomplished without the 
investment of considerable time and money in re- 
search. The industry chose the former course and 
decided to exploit an existing type of engine to utilize 
the proven advantages of the 100-octane fuel. As a 
result of this action, there is now great interest 
throughout the world in the procurement of 100- 
octane fuels. 

The chief constitutent of 100-octane motor fuel is 
iso-octane which is blended with straight-run gaso- 
line and iso-pentane and the demands for the iso- 
octane are being met by some of the more progressive 
petroleum refiners. One of this group has been oper- 
ating a Foster Wheeler Corporation installation for 
some time to produce iso-octane by selective cata- 
lytic polymerization and hydrogenation processes. 
The installation consists of three definite manufactur- 
ing steps: 


I—Caustic Treating. 
II—Selective Catalytic Polymerization. 
I1J—Hydrogenation. 


Feed stock for these processes consists of cracked 
gasoline that has been depropanized. Bottoms from 
the depropanizer column contain the butane-butene 
cut that is to be used for subsequent hydrogenation. 
The hydrogenation process selected uses a low oper- 
ating pressure with a catalyst that consists of ac- 
tivated nickel. This catalyst is highly susceptible to 
poisoning by sulphur with the resultant permanent 
loss of activity. Consequently, considerable care was 
taken to reduce the sulphur content in the charge 
stock to a minute quantity. 


I. CAUSTIC TREATING 


In order to eliminate catalyst poisoning by sulphur, 
the feed stock for the iso-octane unit is subjected to 
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a series of three contacts with caustic soda during its 
preparation, as shown in the flow diagram, Figure 1. 


A. First Stage 

Bottoms from the depropanizer column are cooled 
in shell-and-tube heat exchangers, a water cooler 
and then are forced through the caustic treating plant 
by means of the pressure maintained in the column. 
A quantity of caustic solution is injected into the 
stream by the first-stage caustic circulating pump 
and the combination is thoroughly intermixed by 
passing through a series of mixing nozzles. The re- 
sultant mixture flows into the first-stage caustic 
settling drum where it separates into two layers, an 
upper layer of gasoline and a lower layer of caustic. 
All of the caustic is withdrawn from the drum and a 
part is sent to storage as spent caustic. The remain- 
ing caustic is recycled into the incoming gasoline 
charge by means of the first-stage caustic recirculat- 
ing pump mentioned. Gasoline in the upper part of 
the caustic settling tank flows to the second stage. 


B. Second Stage 

Caustic is again injected into the gasoline stream 
as it flows out of the first-stage caustic settling tank, 
and both are thoroughly intermixed in a second se- 
ries of mixing nozzles. Just as in the first stage, the 
mixture passes into a second-stage caustic settling 
tank and separates into two layers. The entire quan- 
tity of caustic that is settled out in the second stage 
is withdrawn by means of the second-stage caustic 
circulating pump. Part of the caustic discharged from 
this pump is bled into the first-stage caustic circulat- 
ing pump and the remainder is recycled into the gas- 
oline stream coming from the first stage. At the 
same time that part of the recycled caustic is bled 
into the first-stage circulation, a supply of fresher 
caustic obtained from a third step is introduced by 
the second-stage caustic injection pump, thus main- 
taining an adequate caustic supply in this stage at 
all times. The gasoline layer in the second-stage 
caustic settling tank is returned to the depropanizer 
heat exchangers where heat is absorbed from the in- 
coming charge. This gasoline continues through a 
debutanizer preheater where additional heat is ob- 
tained before it is charged into a debutanizer tower. 
A butane-butene fraction contained in the debutan- 
izer charge is segregated as an overhead product, 
condensed and pumped to the third-stage caustic 
settling system. 
C. Third Stage 

As the butane-butene fraction enters the third- 
stage caustic treating system, it is joined by caustic 
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from the third-stage caustic circulating pump. These 
two streams are thoroughly intermixed in a series 
of mixing nozzles and are then conducted into the 
third-stage caustic settling tank. Once again as in 
the first and second-stage systems, the liquid sepa- 
rates into two layers in the tank. A part of the lower 
layer of caustic is bled back as partially spent caus- 
tic into the suction of the second-stage caustic injec- 
tion pump. The remainder of this caustic is piped to 
the suction of the third-stage caustic circulating 
pump for recycling. 

A spare caustic injection pump is manifolded in 
such a way that it draws fresh caustic from two mix- 
ing tanks and discharges it into the third-stage cir- 
culation at the suction of the third-stage caustic cir- 
culating pump. Throughout this entire caustic treat- 


shown in Figure 2, iso- and normal butene inter- 
polymerize to form several isomers, among which 
are 2, 2, 4 tri-methyl pentenes 1 and 2. In spite of 
the fact that there is a co-polymerization of normal 
butenes, the resultant octane, upon hydrogenation, 
possesses a blending value equivalent to 2, 2, 4 tri- 
methyl pentane and the mixture is known commer- 
cially as iso-octane. 

The liquid butane-butene feed stock after three 
caustic treatments is boosted by the low-pressure- 
centrifugal charge pump into the suction of a high- 
pressure, plunger type, charge pump. Discharge from 
this pump is introduced into a steam-heated pre- 
heater where it is heated to the proper temperature 
for entering one of the three polymer reactors that 
operate in series. In passing downward through the 
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Three Stage Caustic Treating Unit. 





ing system, fresh caustic is injected only into the 
third stage and totally spent caustic is removed only 
from the first stage. Thus, the full strength of the 
caustic is utilized since none is bled from the system 
until it has passed through the three-stages of inti- 
mate contact with the liquid hydrocarbons. 

The layer of butane-butene in the upper part of 
the third-stage settling tank flows either to storage 
or directly to the suction of the charge pumps in the 
selective catalytic polymerization section. 


II. SELECTIVE CATALYTIC POLYMERIZATION 
In the selective catalytic polymerization process, 
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tubes of these three reactors in succession, the bu- 
tane-butene fraction is brought into intimate contact 
with an extruded-type catalyst that is contained 
therein and the fraction is partially converted into 
polymers. 

The polymer reactors are similar in design to high- 
pressure, shell-and-tube heat exchangers and are 
mounted vertically in supporting steel work in such 
a way that they can be inspected without being ex- 
posed to the weather. Piping around the reactors is 
so arranged that any one of them may be by-passed 
for periodic changing of the catalyst. Incoming 
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charge first enters the reactor that has been in service 
the longest period of time and comes in contact last 
with the one that has been in service the shortest 
time. Thus any foreign matter that may possibly 
cause fouling is prevented from ruining a bed of new 
catalyst and thorough polymerization is assured be- 
fore the stock is discharged from the third reactor. 

In order to be selective, the polymerization reac- 
tion must occur within definite temperature limits. 
When butenes combine to form octenes the reaction 
is exothermic and it is necessary to remove the heat 
as fast as it is liberated. For this reason, water at the 
boiling point is circulated through the shell side of 
the reactors in order to maintain the temperature 
within the required limits. A large part of the steam 
that is generated is conducted to the butane-butene 
preheater to preheat the charge. Water condensate 
from the preheater is conducted through a disengag- 
ing drum and recirculated to the reactors. Conserva- 
tion of the exothermic heat of reaction in this man- 
ner reduces the overall heat requirements of the 
process to a minimum. 

The effluent from the last reactor, including bu- 
tanes, unreacted butenes and polymers, is passed 
through a pressure regulator which maintains the 
required back pressure. This effluent is expanded 
into the middle of a debutanizer column in which the 
excess butanes and unreacted butenes are separated 
from the polymers. A steam-heated reboiler furnishes 
the heat to produce stripping vapors. Excess butanes 
and butenes are distilled overhead, totally condensed 
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stock in order to assure a maximum of poly- 
merization of butenes to octenes. 

3. To storage for ultimate blending into regular 
refinery gasoline production. 


The polymer bottoms from the debutanizer column 
consist of octenes, dodecenes, a small amount of hex- 
adecenes and heavier components and are the source 
of the stripping vapors released in the reboiler. After 
leaving the reboiler the bottoms may be further 
processed in either of two ways: 

1. To hydrogenate the total bottoms and obtain 
the maximum volume of iso-octane product, 
or 

2. To segregate the iso-octene, thus eliminating 
the dodecenes and heavier components, and 
then to hydrogenate the iso-octene alone. The 
latter method has been selected because it 
produces a better quality of iso-octane, al- 
though at a slight sacrifice of total volume of 
production. 


The pressure in the debutanizer column forces the 
hot debutanized bottoms to an iso-octene fractionat- 
ing column where they are processed further in or- 
der to segregate the iso-octene in a pure state. Heavy 
polymers from the bottom of the column are heated 
in a steam-heated reboiler to furnish the stripping 
vapors that are required to distill the iso-octene frac- 
tion overhead. Remaining bottoms after leaving the 
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FIGURE 2 
U. O. P. Selective Catalytic Polymerization Process. 


in a water-cooled shell-and-tube condenser, and sub- 
sequently collected in a receiver. This butane-butene 
mixture may be transferred in any of three directions 
by means of a centrifugal pump: 

1. To the top of the debutanizer tower as reflux 
to maintain proper fractionation in the upper 
section. 

2. To the high pressure charge pump as recycle 
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reboiler are cooled by water and pumped to storage. 

The overhead cut is totally condensed in a water- 
cooled condenser and collected in a receiver. A por- 
tion of the iso-octene is circulated to the top of the 
tower as reflux. The remaining net overhead iso- 
octene is then pumped to the hydrogenation section 
for the final treatment in the production of iso-oc- 
tane. 
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III. HYDROGENATION 


Hydrogenation of octenes to octanes may be ac- 
complished in either one or two stages. Where the 
cost of hydrogen is relatively high and most effective 
use is therefore desired, two-stage hydrogenation is 
usually adopted and approximately 95 percent of the 
hydrogen may be utilized. In this particular installa- 
tion, hydrogen was relatively expensive and a two- 
stage hydrogenation system was adopted, as shown 








and the mixture enters the second stage preheater. 
After being heated to the proper temperature the 
iso-octene mixture and hydrogen flow downward 
through the catalyst in the tubes of the second-stage 
reactor. As in the first stage, water in the shell of the 
reactor removes the heat liberated during the hydro- 
genation reaction and the resulting steam provides 
the proper preheat as in the first stage. 

The iso-octane and excess hydrogen pass from the 
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FIGURE 3 
U. O. P. Hydrogenation Process. 


in Figure 3. The octene charge from the selective 
catalyst polymerization unit is joined by unreacted 
hydrogen from the second stage and both are passed 
through a steam-heated preheater into the top of the 
first-stage hydrogenation reactor. Here, it comes into 
intimate contact with a catalyst that promotes sat- 
uration of the hydrocarbons. 

As in the polymerization process, the hydrogena- 
tion reactor consists of a steel shell containing a mul- 
tiplicity of tubes filled with a catalyst. Since hydro- 
genation of iso-octene to iso-octane is also exo- 
thermic, water is maintained in the shell of the re- 
actor to limit the reaction temperature. The steam 
that is generated in the shell is conducted to the 
above mentioned preheater to heat the incoming 
feed of iso-octene and hydrogen. 

The iso-octenes and non-condensable gases are 
partially hydrogenated as they pass downward 
through the reactor. They are withdrawn at the bot- 
tom, condensed in a shell-and-tube condenser, and 
collected in the first-stage iso-octane receiver. Non- 
condensable gases are vented from the receiver into 
the atmosphere. 

A pump draws the partially hydrogenated iso-oc- 
tene from the first-stage receiver to the second hy- 
drogenation stage. At this point a fresh supply of 
hydrogen is introduced into the iso-octene stream 
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bottom of the reactor through a condenser where the 
iso-octane is condensed. Both products continue to 
the second-stage iso-octane receiver where the hy- 
drogen is separated. This excess hydrogen is recycled 
to the first stage of hydrogenation as described above. 
A back-pressure which is maintained in the final iso- 
octane receiver forces the finished product, commer- 
cial iso-octane, to storage. 

The heat requirements of all three processes are 
reduced to a minimum by the use of the heat released 
during the exothermic polymerization and hydrogen- 
ation reactions to generate steam. This steam with a 
slight quantity of make-up is sufficient for the bu- 
tane-butene polymerization preheater, debutanizer 
reboiler, iso-octene reboiler, and the first and second- 
stage hydrogenation preheaters. 

Feed stock for the preparation of iso-octane is thus 
obtained from cracked gasoline that is first depro- 
panized, washed twice with caustic to minimize the 
sulphur content, and debutanized. The butane-butene 
fraction is segregated, treated a third time with caus- 
tic, and polymerized to form isomers, most of which 
are octenes. The octenes are then hydrogenated to 
octanes and the commercial iso-octane is separated 
out, ready for blending with straight-run gasoline 
and iso-pentane to constitute 100-octane aviation 
motor fuel. 


137 








New Attitudes... 


VICTOR H. SCALES 


Director Department of Public Relations, 


American Petroleum Institute * 


NE looks upon disturbed conditions throughout 

the world today with fear that troubled times lie 
ahead. Vast numbers of people, dissatisfied with 
things as they are, seem determined to effect changes. 
In their search for economic betterment, they nat- 
urally look first for a devil instead of a cure, and 
business and industry—already in the international 
doghouse because of the depression — are likely 
suspects. 

This is a sequential step in the process of selling 
the idea that business and. industry have failed the 
people and that their only hope lies in political 
panaceas. The average person hears little, and prob- 
ably understands less, about the benefits of business 
and industry, which have been disinclined to invite 
his interest in their affairs except as they may have 
merchandise to sell, stock and bond issues to float, 
or earnings to report. When, for the prolonged pe- 
riod, depression conditions obtained, people are not 
to be blamed if they turn against the very source of 
their bread and butter. By indices of their own selec- 
tion, business and industry permit themselves to be 
deflated in the public mind. 

The new attitudes toward business and industry, 
however, are not entirely unfavorable. They seem to 
demand that such enterprises shall be more than 
merely profitable; that their operations shall be in 
the public interest, that essential services of wide- 
spread benefit shall be rendered, and that real and 
substantial contributions shall be made to the na- 
tional economy. In other words, business and indus- 
try are expected to assume new and additional re- 
sponsibilities, civic as well as economic, and some 
bordering upon the humanitarian. 

This shift in emphasis from profits to service is no 
isolated development. Business and industry them- 
selves have adopted new and definitely constructive 
attitudes. More and more they are accepting the new 
responsibilities, acknowledging and endeavoring to 
correct their weaknesses, and gradually are erecting 
a greater and stronger industrial superstructure. 

Such developments have led to the closer attention 
now being paid to the subject of public relations. 
This phrase conveys many meanings to many peo- 
ple, but perhaps simply may be defined as that oper- 
ating technique which, properly utilized, tends to 
create good will for, and to maintain public confi- 
dence in, an industrial enterprise. 











*Presented before the Western Petroleum Refiners’ Association, 


San Antonio, Texas, March 20, 1939. 
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MANY PUBLICS 


Every business enterprise should regard its many 
contacts—customers, stockholders, employes, com- 
petitors, associates, government officials, and all the 
rest—each as a public with which it desires to be on 
good terms. Since, in effect, each of these publics is 
also a customer, established of good public rela- 
tions resolves itself largely into the task of winning 
for the business itself the same favorable public at- 
titude business seeks for its merchandise. 

Business and industry spend generously to adver- 
tise their products, but say little about themselves. 
Under conditions of the recent past, this is tanta- 
mount to spending millions for tribute, but not one 
cent for defense. Those who attack business and in- 
dustry must be viewed primarily as customers still 

‘unsold. It is easy to become disgruntled and angry 
with these critics. Yet business never seeks to over- 
come consumer dislike of its products by combative 
measures. Instead, it endeavors to create consumer 
understanding and confidence, and to demonstrate 
to the prospective customer that the purchase will 
be to his personal benefit. By adapting such methods 
of the needs of public relations, business and industry 
should be equally successful in selling themselves. 

Now, how properly may public relations be prac- 
ticed by business and industry? In a sales campaign, 
the first step is market analysis. With public rela- 
tions, the first step is analysis of public opinion and 
attitude. The second step in selling is adaptation of 
the product to the market. The second step in public 
relations well may be the alteration and adjustment 
of policies and practices to overcome the opposition, 
or consumer resistance, disclosed by the analysis. 

The third step in a sales effort is the actual selling. 
The third step in public relations is the active pro- 
motion of good public relations. 

While sales and public relations efforts in many 
respects are similar, there are four outstanding dif- 
ferences. Selling properly may be, public relations 
must never be, obvious. Sales properly may begin in 
a distant market; public relations must start at home. 
The results of selling are immediately observable; 
the results of public relations work ordinarily are 
intangible. A sales campaign may begin and end on 
pre-selected dates; public relations efforts have only . 
a starting date, never one on which the file may be 
slammed shut on a completed project. 

People like to be sold; dislike to be influenced. 
Merchandise unpopular at home may sell in a distant 
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market; a business enterprise never can win the good 
will of strangers unless and until it is well regarded 
by its own people. Consumers may boast of their 
change in buying habits; they are reticent to disclose 
or to discuss a change in opinion. People are quick to 
voice their displeasure; but slow to admit misunder- 
standing; and still slower to reveal lack of under- 
standing. Normally they dislike that which they do 
not appreciate. 


SELLING THE BUSINESS 


The petroleum industry is a case in point. This 
essential enterprise has operated largely with public 
benefit, yet few industries are less understood, and 
few have experienced so frequently and so keenly the 
whip of public disfavor. From road oil to rest rooms 
this industry’s products are well known, well re- 
ceived, and universally used. New superlatives are 
used to describe their benefits, but for the industry 
itself there is faint praise, and even those who benefit 
the more directly from its operations give little evi- 
dence of appreciation. 

It is no satisfaction to say that other industries 
find themselves in similar predicaments. Rather it is 
indicative that in the present critical period, business 
and industry face the choice of grasping an oppor- 
tunity to sell themselves, as well as their products, 


to the American public, or by letting a growing pro- 


portion of that public be led to think that drastic 


reformation is both desirable and necessary, of con- 


tributing to their own misfortune. 


In an effort to provide for the petroleum industry 
effective ways and means of meeting current needs, 
the American Petroleum Institute has undertaken to 
develop a program of public relations. Fundamental- 
ly, it is the industry’s own program. The Institute 


seeks only to be the means to the end of its general 
adoption. Participation of the entire industry is a 
paramount requirement. 

This program follows the logical steps already out- 
lined—analysis, adaptation, action. It provides first 
for an analysis of public attitude towards the indus- 





try, and for taking such steps as may be necessary 


to effect desirable changes. The program provides 
secondly for the compilation and dissemination of 


pertinent information concerning the industry and 
its services so as to assure proper appreciation of the 
industry’s social and economic contributions, Finally; 


the program is designed to encourage and to aid all 
the branches, organizations, and interests of the in- 
dustry in undertaking such further public relations 
efforts as may be advisable. 


To effectuate this program, the Institute is inviting 


men representative of every branch and phase of the 
industry to become members of 13 regional public 
relations committees. Also, it is inviting to member- 
ship on its central Committee on Public Relations, 
men similarly representative of the industry, but 
whose interests are national rather than regional. A 
third group, the Public Relations Administrative 
Committee, permits of cooperative and advisory ac- 
tion by the comparatively few men of the industry 
who have had training and experience in public re- 
lations work. Provision is made also for the creation 
of subcommittees of experts in various lines of en- 
deavor whose services may be needed for the solution 
of specific problems. 

For the mental peace of those who fear this consti- 
tutes a deliberate attempt to create a new, compli- 
cated, and costly super-organization, it should be 
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explained that nothing of the kind is intended. The 
program is intended neither to compete with, nor to 
replace, the program of any existing organization of 
this industry, but rather to cooperate with all desir- 
ous of undertaking constructive public relations ef- 
forts. Furthermore, it seeks to pool the opinions of 
the many men of many minds who make up this 
industry and whose opinions obviously must reflect 
public opinion and attitude toward this industry in 
different sections of the country. 


BEGINNING AT HOME 


Since good public relations begin at home, the 
initial efforts, in addition to sounding out pmblic 
opinion, will be toward development within this in- 
dustry of a thorough understanding and a prideful 
appreciation of the industry itself. Perhaps it is too 
much to hope for the development of unanimity of 
opinion, but it is not too much to expect that there 
may be developed some semblance of industrial loy- 
alty, or pride of industry. This, in itself, should have 
a good influence upon public opinion, especially if 
the industry tries to put its best foot forward instead 
of leading with its chin. External influences working 
for its disruption do not hesitate to take a poke at an 
unguarded chin, but conceivably may be more wary 
of an advancing foot. 

Good public relations necessitate action. This pro- 
gram contemplates that everything in the way of 
public relations which can be done by group action 
will be done. At the same time the major emphasis 
will be placed upon the development of ways and 
means by which the component parts of this industry 
may help themselves. This is the traditionally suc- 
cessful method of accomplishment in this industry. 
In public relations, as in other fields of endeavor, no 
central organization can do for this industry what 
each branch, association, corporation, company, part- 
nership, and individual comprising the industrial 
whole can and must do for itself. 

The refiner may question whether, as manufacturer 
and wholesaler, he has a public with which to be 
concerned. Any refiner whose enterprise still borders 
upon solvency may be assured he has not one, but 
many publics, with which he should be on good 
terms. They include his employes; the brokers, job- 
bers, and dealers with whom he does business; the 
producers from whom he purchases crude; the equip- 
ment manufacturers and others from whom he buys 
supplies; the residents of communities in which he 
operates ; the officials of federal, state and local gov- 
ernment; the representatives of the people in Con- 
gress and in state legislatures; and last, but far from 
least, his customers, competitors, and creditors. 


PUBLIC REACTIONS 


None can study the achievements of refiners in the 
field of scientific endeavor without finding reason for 
pride and admiration. Yet while the average refiner 
scientifically may control to the nth degree the chem- 
ical and physical reactions which take place in his 
plant, he may be inclined to ignore the reactions of 
his many publics. These reactions are dependent 
upon human, emotional, and unscientifically inexact 
impressions, favorable or unfavorable, which the re- 
finer permits, or even encourages, to develop. They 
represent what his publics think and say about 
him, rather than what he may be or may accom- 
plish. Their effect upon his business future, however, 

(Continued on page 143) 
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The Action of Inhibitors On 


Polymer 


W. B. ROSS 
and 
L. M. HENDERSON 
*The Pure Oil Company 


OLYMER GASOLINE manufactured from gas- 
eous hydrocarbons possesses many desirable quali- 
ties, most notable of which is its high octane blending 





Gasoline 


tion to an extent satisfactory for normal conditions 
by the addition of inhibitors.’’ Carey? in discussing 
polymer gasoline states that “by the use of an inhibi- 
tor such as BAP in the amount of approximately 
0.01 pound per barrel, an extremely gum stable prod- 
uct having a high induction period is obtained.” 


TABLE I 


Induction Periods of Blend Containing Equal Parts of Pure 
Oil Polymerized Gasoline and Straight Run Gasoline Con- 
taining Various Concentrations of Commercial Antioxidants 


eee | None 
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As a consequence of the method of manufacture, 
polymer gasoline is more or less susceptible to at- 
mospheric oxidation even as is ordinary gasoline. 
Data are presented below which show that the addi- 
tion of small amounts of commercially available anti- 


TABLE Il 


Induction Periods of an ordinary Unleaded Doctor-treated 
Mid-Continent Gasoline (Composed approximately of 40% 
Straight-Run Gasoline, 20% CHP Gasoline, 25% Cross 
Cracked Gasoline and 15% Casinghead Gasoline) Containing 
Various Concentrations of Commercial Antioxidants 
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TABLE IV 


Induction Periods of Inhibited Poly Gasoline Containing 
Varying Quantities of TEL (The Gasoline Consisted of 50 
parts Pure Oil Poly Gasoline and 50 parts Straight Run 
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oxidants to Gray treated poly distillates inhibits gum 
formation even as they do in conventionally cracked 
gasolines. Inasmuch as the data available in the lit- 
erature is so meager, the experimental results re- 
ported in this paper represent data kindly furnished 
privately by Dr. Gustav Egloff relative to the use 
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TABLE V 
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catalytic polymerization process, or from the work 
of The Pure Oil Company on their polymerized gas- 
oline. These data show that the stabilization of gaso- 
line toward gum formation is easily and satisfactorily 
accomplished by the addition of inhibitors. 


EXPERIMENTAL DATA 


Plant experience and laboratory tests have shown 
that the storage stability of a cracked gasoline may 
be qualitatively indicated by the “induction period” 
of a sample. The so-called “induction period” is com- 
monly determined in the laboratory by subjecting the 
gasoline in a steel bomb to oxygen gas at an elevated 
pressure (usually 100 pounds gauge) and at a tem- 
perature of 212°F. Other methods of determining 
induction periods have been used whereby oxygen 
at lower pressures is employed in a glass vessel at 
212°. The copper-dish gum test is also used by some 
refiners in addition to the induction-period test to 
provide supplementary information relative to the 
gum stability of the gasoline. The induction periods 
reported in this paper were determined in a steel 
bomb of the Ethyl Gasoline Corporation type and 
charged with oxygen at 70°F. to 100 pounds gauge 
and heated at 212°F. until a definite drop or “break’”’ 
in the pressure occurred. The time elapsed from the 
introduction of the bomb in the 212°F. heating bath 
to the break in the pressure curve is defined as the 
“induction period.” The copper dish gums were de- 
termined according to the method described in Bu- 
reau of Mines Reports of Investigations Number 
3152, November, 1931, and in Federal Specifications 
VV-L-79la, Method 330.1. 

The induction periods and copper dish gum con- 
tents of a blend of polymerized gasoline and straight- 
run gasoline containing various amounts of commer- 
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cial antioxidants are shown in Table 1. Figure 1 
contains the same data in graphical form. With the 
exception of G-10, the inhibitors herein discussed 
are solutions and the quantities used in the respective 
gasolines are expressed in pounds of the commercial 
inhibitor solutions per thousand barrels (42s) of 
gasoline. The G-10, however, is expressed in terms 
of the solid inhibitor. Characteristics of the polymer- 
ized gasoline used, together with the blend men- 
tioned above are presented in Table II. 


The octane number of the 50:50 blend of polymer 
gasoline-straight run naphtha in Table II appears to 
be rather low. However, since the straight-run 
naphtha had an octane number of only 24, the pol- 
ymer gasoline, therefore, had a blending octane 
number of 101. Further data to show the high blend- 
ing octane number of the polymer gasoline are given 
in the following table: 
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Table III includes the same data as Table I with 
the exception that an ordinary unleaded doctor- 
treated Mid-Continent gasoline was used instead of 
the polymerized gasoline-straight-run gasoline blend 
of Table I. A comparison of the data of the two 
tables shows that the susceptibility of a polymerized 
gasoline blend to inhibitors is of the same general 
order as that for ordinary cracked gasoline. 
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No data on susceptibility of gasolines to inhibitors 
would be complete without determining the effect of 
tetraethyl lead upon these values. Table IV shows 
the effect of TEL upon a polymerized gasoline- 
straight-run naphtha blend containing various in- 
hibitors. As will be seen from these values the effect 
of TEL is almost within the experimental error of 
the determinations. 

Table V presents data furnished us by Dr. Gustav 
Egloff and shows the effects of two inhibitors on six 
samples of polymer gasolines from the UOP Cata- 
lytic Process. The results are shown graphically in 
Figures 2, 3, and 4. As will be seen, the susceptibili- 
ties of these polymer gasolines to inhibitors is of the 
same order as the susceptibilities of the Pure Oil 
polymer gasoline to inhibitors. Table VI gives the 
characteristics of the above-mentioned six samples 
of polymer gasolines from the UOP Catalytic 
Process. 

From the data presented on the use of gasoline an- 
tioxidants in polymer gasolines produced both by 
thermal and catalytic processes of manufacture, it 
is evident that polymer gasolines may be satisfac- 
torily stabilized with respect to gum formation by 
means of commercially available inhibitors. 
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1The Science of Petroleum, Vol. III, p. 2069. 
2 National Petroleum News, 28, No. 45, 64-71. 
3 Rogers, Bussies and Ward, Ind. & Engineering Chemistry, 25, 
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New Attitudes... 


[Continued from page 139] 


is economic as well as sentimental; so largely 
economic, in fact, that they merit his earnest con- 
sideration. 

Perhaps the trade association executive or member 
may wonder how his organization fits into the pic- 
ture of public relations. The existence of any trade 
association is indicative that sometime, somewhere, 
or somehow certain relationships with certain publics 
either have been unsatisfactory, capable of improve- 
ment, or worthy of perpetuation. A trade association, 
in itself, can be the most helpful medium of devel- 
oping good public relations. Also, it can be just the 
opposite. Whether a trade association is helpful or 
harmful in industrial public relations depends largely 
upon whether it has at heart the welfare of the 
industry of which it is a part, or is concerned merely 
with benefiting the faction which creates it. 

Much of the current public misunderstanding and 
suspicion of the petroleum industry may be ascribed 
directly to the tendency of parts of the industry to 
engage in endless, hopeless controversy. These tea- 
pot tempests rage briefly, then subside in amicable 
agreement which could have been reached in half the 
time with no noise whatever. Echoes of the thunder 
reach the public ear, but smoke rising from the pipe 
of peace never is heard. Under such circumstances 
the public is not to be blamed if it views this great 
American enterprise largely as an industry which, 
like its principal product, constantly is on the verge 
of internal combustion. 
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Let any pot call any kettle black a sufficient num- 
ber of times and the public is given good reason to 
believe that neither is worth a tinker’s dam. It 
would be an accomplishment in public relations were 
the trade associations of this industry to provide a 
place in the backyard where these chronic differences 
of opinion could be settled, and to use the front porch 
for a permanent display of the industry’s accomplish- 
ments and good deeds. 

None can object to what, politely, may be called 
family quarrels, but the welfare of the industry as a 
whole, and the requirements of satisfactory public 
relations, demand that these little fracases shall be 
carried on in such fashion and places that the public 
ear shall not constantly be blasted by the bickering. 
There are those so bold as to believe that were most 
of these bickerings soundproofed they would attract 
neither participants nor audiences. 

The petroleum industry, of all industries, deserves 
the recognition and appreciation of the American 
people for its continuing contributions to their wel- 
fare—national, state, and local. That which may be 
deserved, however, also may be difficult to obtain. It 
is to be hoped that this cooperative public relations 
program, prepared so closely in accord with the new 
attitudes toward business and: industry, and yet 
planned so exactly to meet the industry’s own re- 
quirements, will be directly instrumental in winning 
for this great enterprise that which it has earned 
and merits—the sympathetic understanding and the 
friendly interest of the American public. 
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Burning Various [ypes of 
Oil Refinery Fuels 


A. L. WILSON,’ 
Linden, N. J. 


IL refining requires the utilization of relatively 

large volumes of fuels, among which are non- 
merchantable by-product fuels, as well as high-grade 
merchantable fuels. It is the purpose of this paper to 
deal mainly with the burning of these nonmerchant- 
able fuels as economically as possible. 

Industries that utilize by-product fuels were com- 
pelled to design and develop suitable burners and fur- 
naces to meet their individual requirements. This 
problem is particularly difficult because, due to the 
changing heat content of these fuels, it is impossible 
to set up performance charts that would indicate 
their true efficiencies. 

Each installation must be considered as a special 
problem and, therefore, no attempt is made in the 
scope of this paper to set up a code that will be a 
cure-all for the designing and operating of a fuel- 
burning system by other refineries. 

A new industry, while in its early stages, is con- 
cerned chiefly with the efficient conduct of the opera- 
tion which yields its finished product. The substances 
which are produced at the same time, and are known 
as by-products, receive increasing attention when 
competition or other economic circumstances make it 
necessary to reduce the cost of the manufactured 
article, or when the amount of these by-products has 
risen to such proportions that better means for their 
disposal must be found. Under such circumstances, 
the attention of the industry is concentrated on these 
by-products, to provide a more suitable means for 
their disposal. 

In the following discussion, oil-refinery fuels will 
be classified as follows: (1) merchantable fuels, such 
as gas, coke, and fuel oils, (2) sludges, (3) tars, and 
(4) tank cleanings. 

In this classification, the first group can be con- 
sidered as high-grade, merchantable fuels, which 
serve as the basis for the evaluation of all other 
refinery fuels. This group of fuels is burned only after 
all by-product or nonmerchantable fuels are disposed 
of. In refineries where coke production is in large 
volumes, the greater percentage of this coke is a mer- 
chantable fuel, demanding a premium, particularly 
because of its adaptability to metallurgical and other 
uses requiring a relatively pure carbon. The amount 
of coke which cannot be considered merchantable, 
and which may be classed as a waste fuel for burning 
within the refinery, is small in volume, representing 


1 Superintendent, Power Department, Standard Oil Company of New 
Jersey, Bayway Refinery. 

Contributed by the Fuels Division for presentation at the Spring 
Meeting of The American Society of Mechanical Engineers, New 
Orleans, Louisiana, February 23-25, 1939. 

Note: Statements and opinions advanced in papers are to be under- 
stood as individual expressions of their authors, and not those of the 


Society. 
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THe paper describes the various types of waste 
by-product fuels which are produced in an oil re- 
finery and the burning of them in boiler furnaces. 
Composition and characteristics of these by-products 
are given together with the methods of handling | 
and utilization. Burner design. and the use of steam 
for atomization are considered and attention is 
called to the fact that combination burners have | 
been developed to burn simultaneously five different 
fuels in liquid, gaseous, and solid form. 

| 





at most a negligible percentage of the total fuel 
burned. The remaining fuels listed can be considered 
as by-product or waste fuels, and the rest of the paper 
will deal mostly with these fuels. 

Sludges are by-product materials from a purifica- 
tion process which uses sulphuric acid to remove 
tarry or gummy constituents from oil. Compared to 
fuel oil, some sludges are slow-burning and require 
high ignition temperatures to produce a reasonable 
heat release. The sludges vary extremely in charac- 
teristics, depending upon the initial crude stock, 
method of treating, and requirements of the finished 
product. Some sludges are readily blended with 
various tars to form a smooth-working fuel. Some 
have a heating value as high as 17,500 B.t.u. per 
pound while in others it is as low as 9000 B.t.u. on the 
as-fired basis. This variation is largely due to varying 
moisture content. 

Due to the higher percentage of sulphuric oxide 
and water vapors in the products from the combus- 
tion of sludges, superheater supports, gas by-pass 
dampers, and economizer tubes deteriorate rapidly 
unless the exit-gas temperature is kept above the dew 
point. Exit-gas temperature is not always a true indi- 
cation of metal temperatures, particularly in the 
economizer section of the boiler where the actual 
shell temperature of the tube is considerably lower 
than the average exit-gas temperature. As is the case 
when using high-sulphur coals, problems still exist 
in connection with economizers and preheaters where 
high efficiencies are desired when sludges are burned. 

“Tar” is not exactly. defined in refinery termi- 
nology, and is a type of sludge from acid refining 
operations, or may consist of distillation residues. Its 
combustion characteristics are quite similar to those 
of sludges. 

Nonmerchantable coke is usually a hard nonfriable 
substance containing a small quantity of volatile 
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matter and varying percentages of sulphur and ash. 
If the small nonmerchantable portion of this coke 
is to be burned as pulverized fuel, it must be pow- 
dered to a high degree of fineness. If petroleum coke 
is not finely pulverized the small particles pass out of 
the furnace partly burned, and may be deposited in 
the soot hopper or duct of the stack, or may pass 
through the stack to the atmosphere. The character- 
istics of the merchantable portion of any coke which 
is produced are such that it burns more freely and in 
a manner comparable with pulverized coal. 

Small amounts of light oils or tars of light gravity, 
which are a by-product of some treating operations, 
average about 19,000 B.t.u. per pound, and may be 
successfully burned in a separate burner system. 
Great care, however, must be exercised in handling 
these fuels, as they usually have a low flash point 
and high volatility. 

Tank cleanings, or “bottoms,” consist of a con- 
siderable portion of oil of varying gravity and vola- 
tility, of dirt, water, salts, asphaltic and waxy semi- 
solid materials, and often of iron scale. The heat value 
of this material will vary greatly, depending upon 
the proportion of its various constituents. Tank 
cleanings may be disposed of in liquid form through 
a grinding operation, which will be discussed later, 
or may be cooked up with fluxing oil, by means of 
which treatment, water, salts, and noncombustible 
solids are settled out and rejected as such. 

The grades and amounts of these various by- 
product fuels depend upon the crude run and the type 
of processing, but are seldom available in sufficient 
quantities to meet the entire fuel requirement of the 
refinery. The changing character of the sludge which 
constitutes about 90 percent of the liquid residuals 
burned, is indicated in Table 1 which shows two 
typical laboratory determinations. 








TABLE 1 
Showing Varying Character of Sludge 
ENT NE annie 161 APL 123 Bé heavy 
Specific gravity ........... 0.9587 1.092 
Weight, lb. per gal......... 7.984 9.105 
SuIDnUT, PETCENE 6 .....2...5 4.03 7.43 
Heat content, B.t.u. per Ib. 17,219 13;555 











While these analyses are given as typical, the pre- 
dominating characteristic of the sludges is extreme 
variability.. The moisture or weak acid content of 
some sludges burned varies through a range up to 50 
percent and on rare occasions goes even higher. Such 
variations in moisture content cause a wide variation 
in the consistency of the sludge and require special 
handling equipment and operating procedures. 

Sludges may be classed in two groups; those from 
treating gasoline and kerosene, and those from treat- 
ing heating oils and other heavy petroleum products. 


SLUDGES FROM TREATING GASOLINE 
AND KEROSENE 


Light-oil sludges are produced in two ways. (1) 
The acid oil, lighter than acid tar, settles out from 
sludge in the kettle or storage tank before processing. 
(2) The sludge is pumped into a kettle containing 
hot water where reaction takes place, resulting in a 
three-layer separation of acid oil, acid tar, and weak 
acid. The acid tar, the largest percentage in this 
separation, has the highest acid content, and is more 
readily handled and atomized than the heating-oil 
sludge. It is the most corrosive of all the liquid 
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residuals, due to the amount of water entrained dur- 
ing the separation of the tar from the weak acid. 


SLUDGES FROM HEATING-OIL REFINING 

These are distinguished from those of gasoline by 
their thick viscous consistency. Also they are not 
separated into two layers by the addition of water, 
as the separated acid is too high in impurities. This 
sludge is obtained from the purification of heating oil, 
and is pumped directly to the sludge storage tanks, 
from which it is pumped to the burners. It requires 
no agitation, fluxing, or heating for handling. It is 
not as corrosive as the lighter sludges, either because 
of the undiluted acid or the inhibiting action of the 
sludge itself. 


PARAFFINE SLUDGE 


This sludge is a by-product from paraffine-wax 
treating operations. In many cases this sludge causes 
considerable difficulty, as it becomes entirely solidi- 
fied at atmospheric temperature. A large eastern re- 
finery, however, has developed equipment for burning 
it that has proved satisfactory. The sludge is kept in 
agitation by steam jets and fluxed with a heavy 
viscous oil at the treating plant..It is then pumped 
to the boilerhouse into lead-lined storage tanks, 
which are equipped with closed brass heating coils 
located about six feet above the bottom of the tank. 
Agitation is effected by means of a mechanical mixer 
located below the heating coil. The storage tank is 
also provided with a ririg of steam jets in the bottom 
that serves the dual purpose of heating and agitating 
the sludge. This sludge is burned in a separate fuel 
system similar to that employed for fuel oil. Burners, 
using steam for atomizing are employed successfully 
and the sludge is supplied to the burners at a tem- 
perature of from 200 to 220° F. The temperature 
required depends upon the characteristics of the par- 
ticular batch of sludge burned. 


PREPARATION TECHNIQUE 

The efficient burning of various sludges constitutes 
a problem that must be developed by each refinery 
to meet its particular conditions. Successful utiliza- 
tion of by-product fuels in one refinery is no assur- 
ance that it will be equally successful in another, 
even under similar conditions, as each separate 
method of processing produces its own variety of 
sludge. Since various operations produce different 
types of sludge, no definite rules can be given for its 
treatment. Frequently it may be processed as a com- 
mon fuel without troublesome coke deposits. As to 
whether it is properly processed or agitated, only the 
experience of trained operators can determine. 


WASTE FUEL GROUND UP AS “COLLOIDAL” FUEL 


Additional waste fuels consist of all the wastes that 
have any combustible characteristics. These residues 
consist of gummy coke, heavy tank bottoms, muck, 
asphaltic residues, and slop, i.e., plastic solids or semi- 
solid materials which are neither truly solids nor 
liquids, and cannot be pumped. Collected and dumped 
into a pit, they may be ground or processed by the 
wet-pan type of grinder. The product of this opera- 
tion is a frothy liquid containing appreciable quanti- 
ties of carbon particles up to %-inch or more in 
diameter. The quantities of these wastes are gen- 
erally not sufficient at any one time to warrant 
continuous operation of separate burning equipment 
for their individual disposal. In many cases the cost 
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of disposing of these wastes in any other manner is 
prohibitive. 


SLUDGE HANDLING AND STORAGE EQUIPMENT 

The storage and handling of sludges and tars pre- 
sent no difficult problem when the usually accepted 
standards are maintained. Lead-lined tanks are used 
for receiving and storing the sludge. These tanks 
usually are equipped with steam jets to provide con- 
stant agitation and proper consistency for pumping 
and burning, although many sludges are burned with- 
out additional heating or agitation. With all fuel- 
burning equipment, constant flow through the supply 
and return lines must be maintained in order to pre- 
vent stoppage of the system. It is frequently neces- 
sary, when shutting down a sludge-burning system, 
to have the line thoroughly blown out with steam to 
purge it completely of coke particles which tend to 
solidify and plug the line. Otherwise the line may 
have to be dismantled for cleaning. Receiving and 
storage tanks may be equipped with an acid-fume 
arrester, if necessary, to collect and dissolve any 
objectionable acid fumes that may originate through 
blowing or agitating operations. 

Pipes and cocks used for handling the acid sludges 
are made of brass. This material contains about 85 
percent copper and 15 percent zinc and usually can 
be considered as satisfactory. 

The pumping quality of sludge is good in most 
cases and offers no particularly difficult problem in 
winter or summer. Reciprocating pumps of the type 
in general use for handling liquid fuels are utilized 
and in most cases are satisfactory. Pump-valve con- 
struction is of various types, being spring-actuated 
or of the plain rectangular-block type, depending 
considerably upon the extent of repairs necessary 
for maintenance. Pistons, piston rods, and lines 
usually are of acid-resisting bronze of sufficient hard- 
ness to avoid excessive wear. 


FUEL-BURNING EQUIPMENT 

When faced with burning a variety of liquids, semi- 
liquids, and solid by-product fuels, a novel combus- 
tion problem presents itself. The furnace design 
usually follows the accepted standards for high rates 
of combustion and steam generation and serves as 
an efficient plant for the disposal of by-product fuels 
as well. See Figure 1. 

It is generally desirable to have a combined-type 
burner, Figure 2, which is capable of burning a com- 
bination of gaseous, liquid, or pulverized solid fuels 
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FIGURE 1 


Upper Panel of Four Combina- 
tion Burners for Burning Pulver- 
ized Coke, Fuel Oil, Sludge, and 


as. 


(Another set of four is located below 
the platform, as shown in Figure 3.) 


without changing burner 
parts, or which permits all 
of these fuels to be burned 
simultaneously. 

One refinery operation has one of its three large 
boilers, each of which is designed to produce a maxi- 
mum of 225,000 pounds of steam per hour at 650 
psi and 740° F., equipped to burn five separate fuels 
simultaneously, i.e., fuel oil, refinery gas, petroleum 
coke, acid sludge, and colloidal fuel. The other two 
boilers are equipped to burn refinery gas, bunker 
fuel oil, and sludge at the same time. Another boiler 
plant, consisting of four boilers, each with a capacity 
of 50,000 pounds of steam per hour at 380 nsi and 
650° F., has 12 burners to each boiler. Seven of the 
burners may burn either fuel oil or sludge; the re- 
maining five are for refinery gas. This boilerhouse 
generally is referred to as the waste-fuel disposal 
plant and burns waste fuels entirely when the supply 
is sufficient to carry the full load. Fuel oil is used only 
to keep settings warm when sludge is not available. 

All boilers on which sludge is used as fuel are 
equipped with waterwalls and economizers. Induced 
and forced draft are used at the large plant, while 
induced draft is used at the smaller plant. 

A full complement of indicating, recording, and 
integrating meters is advisable on high-pressure 
steam-generating units burning refinery by-products 
and sludge as fuels, as efficient burning of such fuels 
reduces the amount of commercial fuels required. 

Combustion controls are usually operated manually 
due to the constantly changing heat content and 
varying amounts of the fuels. 

Indicators are essential to detect instantly the 
presence of smoke. Smoke indicators used in con- 
junction with duplex gas recorders have been invalu- 
able in securing maximum efficiency from the 
various fuels. 

Due to the various fuels burned, a multiplicity of 
piping and valves introduces rather complex operat- 
ing features, Figure 3. Steam is employed in most 
cases to purge supply and return lines, headers, and 
burner connections, when it is necessary to change 
burners. 

In the larger plant, four headers cross the front of 
each of the boiler burner panels—one for fuel oil, one 
for acid fuel, one for gas, with the fourth supplying 
steam for atomization and for purging lines. When 
it is necessary to purge an entire sludge system, 
steam or air is usually used in the parts of the system 
to be purged. 

The large boiler equipped to burn pulverized coke 
has eight of the modern turbulent horizontal-type 
burners, and is fired from two levels of four burners 
each. Two ball mills, each having a coal capacity of 
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15,000 pounds per hour, or sufficient to carry the 
boiler alone on full rating, comprise the pulverizer 
equipment. The exhauster of each mill has four ducts 
leading to one firing level so that one mill may be 
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FIGURE 2 
Typical Sludge Burner Using Steam for Atomizing 















BURNER DESIGN 

In firing various sludges, the most important factor 
is good atomization to reduce the sludge to a fine 
mist for its complete combustion. Of the various 
approved methods of atomization, steam has gener- 
ally been used for the liquid sludges, which often 
are of high specific gravity and contain a consider- 
able amount of solid matter, carbonaceous or other- 
wise, in noncolloidal suspension. Due to these condi- 
tions, there has been much development in designing 
burners that would be successful in burning the 
various kinds and grades of refinery liquid sludges 
without deteriorating too rapidly. 

Factors that usually determine the selection of a 
burner are: (1) Simplicity of design; (2) low cost of 
installation; (3) thorough atomization of cold 
sludges; (4) low pump pressure; (5) flexibility and 
efficiencies on swinging loads; (6) capability of 
bringing a cold boiler on the line at short notice; 
(7) ability to burn extremely heavy oils and sludges; 
and (8) resistance to erosion and corrosion. 

A burner, Figure 4, in one refinery has been de- 
signed to burn successfully the different grades of 
sludge at a pressure of 50 psi and a temperature of 
110° F. Effort was made at first to heat the sludge 
to lower its viscosity, but considerable plugging of 
the lines and burners resulted and it was finally de- 
cided to burn the sludges cold. 

The burner in design conforms to the outside-mix- 
ing type. The assembly consists of a steam-and- 
sludge manifold arrangement on one end connected 
by about six feet of %-inch brass pipe to the burner 
at the other end. The burner is fastened to the 
ignition tube of the air register with a swinging yoke 
clamp for quick attachment. The same clamp attaches 
the sludge and steam-line connections to the burner 
manifold obviously avoiding many separate pipe con- 
nections. A by-pass valve is provided between the 
steam and sludge passages to blow the burner assem- 
blv clean before changing the burner or to remove 
solid particles in the burner which may temporarily 
shut off the sludge supply 
while in service. 

The sludge and steam are 
admitted under _ pressure 
through separate valves and 
pipe arrangements into the 
burner tip before atomiza- 
tion takes place. The diffus- 
ing nozzle for atomization 
is located in the tip of the 
burner. This nozzle has a 
number of steam _ ports 
placed tangentially at the 
end of the nozzle in relation 
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to the sludge stream and depends upon atomization 
off the burner tip. This arrangement avoids exces- 
sive burner wear. The burner tips are made of alloy 
metal that will withstand the strong erosive action ag 





FIGURE 3 


Combination Burner for Pulverized Coke, Fuel Oil, 
Sludge, and Gas 


(The large blank-covered top connection at the left is for pulverized 


fuel. The next vertical connection is from the gas header to the 
control cock, Steam, sludge, and fuel-oil headers are shown supported 
from the platform.) 


well as the corrosive attack of the by-product fuels. 


The sludge is forced under pressure through the 
atomizer, past the steam ports which gives it a high 
velocity of rotation, breaking it up under the action 
of centrifugal force. The sludge leaving the burner 
tip is acted upon by three forces: Gravity, centrifugal 
force due to the rotating effect of the steam on the 
oil stream, and translation along the axes of the 
atomizer. In this manner the sludge is broken up in 
a fine fog-like mist which can be readily mixed with 
the secondary air admitted around the burner for 
complete ignition. The flame is a turbulent rotating 
cone that does not touch the rear wall tubes. 

Regardless of the type of burner employed, satis- 
factory results cannot be obtained unless the furnace 
of the boiler is suited for the burning of by-product 
fuels. The design of the furnace must approach that 
suitable for good fuel oil by allowing sufficient fur- 
nace volume for maximum boiler requirements. The 
gas must be kept highly heated and afforded time 
and space in which to burn completely before reach- 
ing boiler heating surfaces. 

Some important advantages of this type of burner 
are as follows: 

1. Pulsation in the furnace is avoided by allowing 
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FIGURE 4 
Burner for Fuel Oil and Sludge 
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sufficient mixture of air and sludge vapors for com- 
bustion. 

2. There is no objectionable smoke to foul the 
boiler tubes with a carbon deposit and cause a 
serious loss of capacity and efficiency. 

3. The admission of excess air to the furnace is 
avoided. 

4. The required burning conditions, consisting of 
good atomization and burning in suspension, are 
obtained. 

5. Low sludge temperatures and pressures are 
sufficient. 

6. The plugging of burners, due to large sludge 
particles reaching the burner tips, is avoided. 

The success of atomization with steam in many 
cases has been remarkable in that it has eliminated 
many of the objectionable features encountered in 
preparation and handling the heavy by-product fuels 
before they could be burned. The largest percentage 
of these by-product fuels is burned cold as it is re- 
ceived at the sludge storage tanks and is not fluxed 
with fuel oil to lower its viscosity. 

Burning sludges cold has many advantages. It is 
difficult to obtain a metal with sufficient strength, 
corrosion resistance, and thermal transfer efficiency 
to heat the sludge in a closed heater. Agitating and 
heating by means of steam jets is necessarily accom- 
panied by excessive steam costs and increase of 
moisture content in the sludge. Agitating in some 
cases causes the coke, held in a semicolloidal suspen- 
sion in the sludge, to drop out in the tank, or in the 
lines and burners, thereby clogging them. When coke 
particles are precipitated through agitation and heat- 
ing, they will not be absorbed again by the fluid even 
though boiled in heavy acid. This frequently makes 
it necessary to take the tanks out of service for clean- 
ing and repairs to the heating and agitating system. 


OPERATING RESULTS 

In the refinery operation previously mentioned, the 
coke-pulverizing equipment is of standard make as 
applied to pulverizing coal. It has not been in service 
long enough to provide any definite data on wear 
or maintenance costs. The small portion of non- 
merchantable coke, as it comes to the boilerhouse, 
has a high carbon content with a varying ash con- 
tent as shown in Table 2. 


TABLE 2 


Analyses of Coke 





- ~ Sample Sample 


No.1 No. 2 
Oil (separately determined).... 7.4 8.3 
Sulphur (separately determined) 3.24 2.4 
NS OO ETE CTe 12.61 4.12) 
I ee toa bac 4k oa NaS We se 78.2 80.27 Percent by 
IE eh a hee de Greg a a 8k 0.77 1.21 weight 
INS sar prac 5.6 geile be 04 8.42 4.4 
Hardgrove scale .............. 38 56 
I Me ao 8 oo 5a os Ain s Ob 14,500 14,972 __ 








The presence of part of the volatile matter may be 
explained by the surface oil which accumulates after 
the coke bed is formed. In grinding, this oil naturally 
spreads over the fine particles of pulverized material 
and must be consumed by surface burning when in- 
jected into the furnace. While the surface burning 
is in process, the coke particle is traveling to cooler 
parts of the setting (see Figure 5) where combustion 
is slowed up. In many cases, sufficient time has not 
been allowed to consume the particle of carbon itself, 
permitting it to pass through the furnace only par- 
tially burned. 
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Due to the mineral-ash content present in petro- 
leum oils and removed by means of the acid treat- 
ment, which is finally deposited in the sludge, con- 
siderable slagging of an objectionable nature is often 
experienced on the boiler settings while burning these 
sludges. This slag, in many cases, adheres to the fire- 


® 2 ha nae ee 





FIGURE 5 
New Boiler Under Construction 

(View looking vertically up from dry-slag hopper. This boiler will be 
fired by eight modern turbulent horizontal burners, capable of burning 
liquids, semiliquids, and solid by-product fuels. Capacity, 225,000 
pounds of steam per hour at 650 psi and 740° F.; heating surface of 
waterwalls and boiler, 22,500 square feet; economizer surface, 14,100 

square feet.) 
box row. of screen tubes, the burner-panel water 
tubes, and particularly to the flat bottoms of the 
furnaces, when they are employed as sludge-burning 


units, thus lowering the boiler rating and efficiency 
to a considerable degree. 


UTILITY AND HEAT VALUES 

While each of these residues entails its own prob- 
lem of disposal, much might be said about their 
utility value, as their true value when burned in a 
furnace cannot be determined on the basis of 
calorimeter indications alone. 

It is difficult to allocate operating expenses, such 
as maintenance and repairs, to their proper location 
on steam-generating units that utilize varying pro- 
portions of these fuels. Burning by-product fuels 
may interfere with efficient evaporation from the 
heat-transfer surfaces, with a corresponding drop in 
over-all boiler efficiency and rating since the heating 
surfaces may be coated with a deposit of slag which 
is not present when standard fuels are burned. 

It is practically impossible to secure a reliable 
heat-unit balance or true boiler efficiency on sludges 
that are burned as waste fuel. Due to slagging and 
fouling of the settings, maintenance and repair costs 
should be apportioned to the various grades of by- 
product fuels burned. This is accomplished best by 
establishing a reasonable operating efficiency for the 
basic fuel, and debiting or crediting any loss or gain 
against the waste fuels or the department that pro- 
duces the by-product material. This method of ac- 
counting appears to be a fair means of arriving at 
or near the utility value of sludges burned, since any 
efficiency loss or excessive repair or maintenance cost 
will thus be properly charged. 
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The Type Analysis of 


High Boiling Hydrocarbon 


ARISTID V. GROSSE 
Research Laboratories, 
Universal Oil Products Company 


F Tedd methods increasing our knowledge of the 
composition of high-boiling or high-molecular- 
weight oils are highly desirable. 

Within the last few years Vlugter, Waterman, and 
van Westen have recommended in a number of interest- 
ing publications’** improved methods of examining 
high-boiling mineral oils. Recently these methods have 
been applied by a number of workers, particularly by 
Mair and his associates at the Bureau of Standards,‘ in 
their studies of lubricating oils. 

We will limit ourselves, in this paper, only to the 
analysis and discussion of completely saturated hydro- 
carbon mixtures. Mixtures containing unsaturated or 
aromatic constituents can always be converted into 
completely saturated oils either by separation (SO, 
extraction, sulfuric acid treatment, etc.) or by catalytic 
hydrogenation under appropriate conditions. 

Among the methods recommended by Vlugter, Water- 
man and van Westen for saturated oils is the use of 
specific refraction both for (a) the determination of 





1J. C. Viugter, H. I. Waterman & H. A. van Westen, J. Inst. Petro- 
leum Tech. 18, 735 (1932). 

2Idem. 21, 661 (1935). 

3 Idem. 21, 701 (1935). 

4See B. J. Mair and C. B. Willingham, Ind. Eng. Chem. 28, 1452 
(1938); B. J. Mair, C. B. Willingham and A. J. Streiff, papers pre- 
sented before Petroleum Division, American Chemical Society, at the 
Milwaukee Meeting, September, 1938, pages 341-356 and 357-383. 


~ Orls and Its 
Underlying 
Theory 


the number of rings per molecule and (b) for the de- 
termination of the percentage of the naphthenic and 
paraffinic fraction. 

Since it is hoped that these and similar methods will 
find increasing use it may be appropriate to make the 
following remarks, with a view to clarifying their 
basis and improving their accuracy. 

We will discuss first: 

(a) The determination of the number of rings in a 
saturated hydrocarbon molecule (or the aver- 
age number of rings per molecule in a satu- 
rated oil fraction). . 

In order to determine the number of rings per 
molecule in saturated oils, Vlugter, Waterman, and 
van Westen plotted the specific refraction of members 
of homologous families of one-, two- and higher ring 















































TABLE 1 
Bicyclic Hydrocarbons, C,H2-: 
| | 
| Lorenz-Lorentz 
| Specific Refraction | 
er i 20° |_————_ , ——____ } Source: 
No. Formula HYDROCARBON 4° 2 Exper. Theor. A(E-T) | Observer (B=Beilstein) 
| | | 
1 | CsHs | Spiro-pentane (f) | 0.7266 | 1.4120 0.3425(?) 0.3067 0.0358(?) | Zelinsky B. Va, 31 
2 | CsHi4 | Bicyclo-[0, 1, 5]-octane 0.8604 | 1.4615 0.3192 0.3152 0.0040 Willstatter B. V, 76 
3 | CsHis | 3, 3-Di-methyl-bicyclo-[0, 1, 3]-hexane | 0.8125 1.4385 0.3234 0.3152 0.0082 Uspensky B. Va, 38 
4 CoHie Perhydro-indene 0.8334 1.4629 0.3301(?) 0.3169 0.0132(?) | Ipatieff B. V, 82 
5 | CoHie | 2,6, 6-Trimethyl-bicyclo-[0, 1, 3]-hexane | 0.8222 | 1.4459 0.3243 0.3169 0.0074 Kischner B. Va, 42 
6 | CoHise | Nopinane | 0.859222 | 1.464122 0.3212 0.3169 0.0043 Semmler B, Va, 42 
7 CoHis | Camphenilane 0. 8546 1.4555 0.3178 0.3169 0.0009 Semmler B. Va, 42 
8 CoHise | Perhydro-poly-allene (bicyclic) 0.7972 1.4346 0.3271 0.3169 0.0102 ew B. Va, 43 
9a CioHis | cis-Decalin 6.8943 | 1.4796 0.3174 0.3181 |—0.0006 v. Auwers B. Va, 47 
9b CioHis | trans-Decalin 0. 8689 | 1.4691 | 0.3206 0.3181 0.0025 
10a CioHis }| 0.8139 | 1.4376 | 0.3223 0.3181 0.0042 Tschugaeff B. V, 93 
10b CioHis |! | 0.8163 | 1.4396 0.3224 0.3181 0.0043 Tschugaeff B. V, 93 
10e | CioHis \| Thujane (from different sources such as cc — and | 0.8169 | 1.4427 0.3243 0.3181 0.0062 Tschugaeff B. V, 93 
10d | CuioHis | f-thujene, sabinene) ; 0.8170 ; 1.4400 0.3225 0.3181 0.0044 Kischner B. Va, 47 
10e CioHis || | 0.8164 | 1.4398 0.3227 0.3181 0.0046 Kischner B. Va, 47 
10f =| CioHis } | 0.8140 | 1.4394 0.3234 0.3181 | 0.0053 Roth B. Va, 47 
lla CioHis d-Carane 0.8410 1.4570 0.3238 0.3181 0.0057 Kischner B. Va, 47 
1lb CioHis 1-Carane 0.8410 | 1.4569 0.3238 0.3181 0.0057 Kischner B. Va, 47 
12a CioHis cis-d-Pinane 0.8566 | 1.4624 0.3212 0.3181 0.0031 Lipp B. Va, 48 
12b CioHis cis-l-Pinane 0.8562 1.4620 0.3211 0.3181 0.0030 Lipp B. Va, 48 
12¢ CioHis trans-l-Pinane 0.8501 1.4585 0.3213 0.3181 0.0032 Lipp B. Va, 48 
12d CioHis dl-Pinane 0.8551 1.4609 0.3208 0.3181 0.0027 Nametkin B. Va, 48 
13 CioHis Isobornylane 0.8317 1.4459 0.3206 0.3181 0.0025 Nametkin Simonsent, II, 435 
14 CioHis dl-Isocamphane 0.827687° 1.441967° 0.3196 0.3181 0.0015 Lipp B. Va, 
15a CioHis ) 0.8317 1.4459 0.3207 0.3181 0.0026 Nametkin B. Va, 48 
15b CioHis Fenchane 0.8316 1.4462 0.3208 0.3181 0.0027 Wolff B. Va, 48 
l5e CioHis (from different sources) 0.8337 1.4475 0.3208 0.3181 0.0027 one B. Va, 48 
15d CioHis } 0.8325 1.4463 0.3205 0.3181 0.0024 ischner B. Va, 48 
16 CioHis 1-Methyl-bicyclo-[1, 3, 3 ]-nonane 0.8416 1.4529 0.3211 0.3181 0.0030 Rabe B. V, 93 
17 C12H22 Bicycloekasantalane-dihydride 0.870515° 1.471515° 0.3214 0.3200 0.0014 Semmler B. V, 108 
18 Ci2He2 Di-methyl-dicyclopenty! 0.8784 1.4755 0.3208 0.3200 0.0008 J. Schmidt B. Va, 55 
19 CisH24 9-Methyl-3-metho-ethyl-bicyclo-[1, 3, 3 }-nonane 0.8643 1.4660 0.3205 0.3207 |—0.0002 Rabe B. V, 108 
t Ingold, Soc. 123, 1709, 1923 
tJ. L. Simonsen, The Terpenes, 2 Vol. ,Cambridge University Press. 1932. 
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TABLE 2 
Tricyclic Hydrocarbons, C,,Ho-; 
— ——— = — ————— —————S —2 — = — 7 — — ——— a 7 
Lorenz-Lorentz | 
Specific Refraction 
— | a —————_ |———_ | | Source: 
No. | Formula HYDROCARBON 4° Db | Exper. | Theor. | A(E-T) Observer (B=Beilstein) 
| | 
20 | CsHi2 | Tricyelo-(0, 2, 5)-[0, 2, 4]-octane 0.8569 1.4968 | 0.3414(?) 0.3008 | 0.0406(?) | Doebner B. V, 120 
21 CoHia Apocyclene | 0.871040° 1.451440° | 0.3094 | 0.3042 0.0052 Kompa B. Va, 66 
22a CioHie Cyclene 0.837370° 1.43877 | 0.3141 | 0.3067 0.0074 Meerwein B. Va, 87 
22b CioHis Cyclene : 0.841270° 1.439470° | 0.3129 0.3067 0.0062 Ostling B. Va, 87 
23a | CioHis | Cyclofenchene (-Pinolene) 0.8588 1.4477 0.3115 | 0.3067 0.0048 Aschan B. Va, 87 
23b | CroHie | Cyclofenchene (-Pinolene) | 0.8598 1.4521 | 0.3138 0.3067 0.0071 Ostling B. Va, 87 
2c | Crofie Cyclofenchene ( B-Pinolene) 0.8609 1.4532 | 0.3141 0.3067 0.0074 Nametkin B. Va, 87 
24 CiiHis | Nertricycloekasantalane 0.8850 1.4686 | 0.3145 0.3090 0.0055 Semmler Simonsenf, II, 551 
25 CisHes | Dihydroaromandrene 0.8993 1.4859 0.3191 0.3143 | 0.0048 Briggs Simonsen f, II, 530 
26 | CisHes | Dihydrocedrene | 0.9204 1.4929 | 0.3157 0.3143 0.0014 Semmler Simonsen tf, II, 536 
27 | CisHas | Dihydrocopaene | 0.8912 1.4791 | 0.3182 0.3143 0.0039 Semmler Simonsen tf, II, 537 
28 | CisHee | Dihydro— oc —santalene | 0.899 1.495 | 0.324 0.3143 0.010 Semmler Simonsen t, II, 549 
| 























tJ. L. Simonsen, The Terpenes, 2 Vol., Cambridge University Press. 1932. 
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naphthenes against their molecular weights and have 
obtained a set of smooth curves, each corresponding to a 
particular number of rings. These curves are computed 
on the tacit assumption that the rings occurring in 
mineral oils produce no optical exaltation. Only with 
this limitation can their calculations be based on the 
well known empirical result established decades ago by 
the pioneers of spectrochemistry, Landolt, J. W. Bruhl, 
F. Eisenlohr and K. V. Auwers, that the molecular 
refraction can be accurately calculated from the hydro- 
carbon’s formula by means of the atomic refractions 
(AR) of carbon and hydrogen. 

Using Eisenlohr’s values for AR? carven== 2.4180 and 
AR hyarogen== 1.0999 the theoretical Lorenz-Lorentz spe- 
cific refraction, (rv“”) tneory for the D-line of a hydro- 
carbon of the formula C,H.n-. and density d is 


n-2.4180 + (2n—x) 1.0999 1 


(ry™) theory — piece ( 1 ) 


n-12.010 + (2n—x) 1.0081 d 


Verbindungen,”’ 








5See F. Eisenlohr, ‘“Spektrochemie 
Enke Verlag, Stuttgart, Germany, 1912. 


organischer 
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where 12.010 and 1.0081 are the atomic weights of 
carbon and hydrogen, respectively. 

However, it was well known even in classical spectro- 
chemistry® that cyclobutane and cyclopropane rings pro- 
duce optical exaltations. Although the presence of simple 
cyclobutane and cyclopropane rings is admittedly un- 
likely in mineral oils the presence of bicyclic and poly- 
cyclic naphthenes containing them cannot be excluded 
without exper-mental evidence. Furthermore polycyclic 
systems containing cyclopentane rings or spirane car- 
bons also may show exaltations in some cases. 

Experimental specific refractions, 


; np* —1 1 
(ro) exp. —_. at 


np’ + 2 d 


of such and similar hydrocarbons as far as available in 
the literature, are compared with the theoretical values, 
calculated from equation 1, in Tables 1 and 2. 

It should be borne in mind that a certain error in the 
nv-determination, coupled with an error of the same 
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Carbon Skeletons of Hydrocarbons in Tables I and 2 


magnitude in the density measurement, produces a 
probable error of only about % of that magnitude in the 
specific refraction value. 

The evidence from this table (see column 8) clearly 
shows that in a large number of ring systems substan- 
tial deviations from the theoretical have been observed. 

A further complication into Vlugter, Waterman and 
van Westen’s procedure is introduced by the recent and 
probably more accurate atomic refraction data of Van 
der Hulst® (AR*carvon==2.590 and AR” hyarogen==1.025). 
Using them slightly different specific refractions and 
corrosponding Vlugter, Waterman and van Westen 
curves are obtained.’ 

All these discrepancies may be avoided and the deter- 
mination of rings per molecule performed with perfect 
accuracy by reverting to the classical basis and substi- 
tuting the specific refraction by the simple hydrogen- 
to-carbon atomic ratios of the particular hydrocarbon 
or hydrocarbon mixture. The H/C ratio is of course 
defined as the fraction n/m, if C,,H, is the formula of 
the hydrocarbon. 

A plot of the H/C ratios against number of carbon 
atoms per molecule in given “‘isocyclic” families of naph- 
thenes is shown in Figure 1. The actual values used for 
the particular families are given in Table 4. A practically 
identical plot may be made by substituting molecular 
weights (see Table 4) for number of carbon atoms. 
Both plots are very similar to those of Vlugter, Water- 
man and van Westen. They have the advantage that no 
discrepancies are possible; all saturated hydrocarbons 
f.i. of the formula C,H,,-, lie exactly on the 3-ring 
curve, regardless of the fact whether they contain for 
example three simple cyclohexane rings, three condensed 





Van der Hulst, Rec. Trav. Chim., Pays-Bas, 54, 518 (1935). 


B. J. Mair, ‘“‘Papers presented at the Petroleum Division, 
Society, Milwaukee Meeting,’’ September, 1938, 


*L. J. N. 


7 See, f.i., 
American Chemical 
page 350. 
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TABLE NO. 3—(Continued) 











No. | Rational Names! of Cyclic Naphthenes 

1 Bicyclo-[S, 2, 2]-pentane 

2 Bicyclo-[0, 1, 5]-octane 4 
3 3, 3-Dimethyl-bicyclo-[0, 1, 3]-hexane 

4 Bicyclo-[0, 3, 4]-nonane 

5 2, 6, 6-Trimethyl-bicyclo- (0, 1, 3]-hexane 

6 6, 6-Dimethyl-bicyclo-[1, 4 or heptane 

3 2, 2-Dimethyl-bicyclo-[1, 2, 2]-heptane 

8 

9 Bicyclo-[0, 4, 4]-decane 

10 4- Methyl-l-Methoethyl-bicyclo- (0, 1, 3]-hexane 

11 3, 7, 7-Trimethyl-bicyclo-[0, 1, 4]-heptane 

12 2, 6, 6-Trimethyl-bicyclo-[1, 1, 3]-heptane 

13 2, 7, 7-Trimethyl-bicyclo-[1, 2, 2]-heptane 

14 2, 3, 3-Trimethyl-bicyclo-[1, 2, 2]-heptane 

15 1, 3, 3-Trimethyl-bicyclo-[1, 2, 2]-heptane 

16 1-Methyl-bicyclo-[1, 3, 3]-nonane 

17 

18 x, x-Dimethyl-bicyclo-(2, 1, 3) [2, 4, 6]-decane 

19 9-Methyl-3- methoethyl- bicyclo-[1, 3, 3]-nonane 
20 Tricyclo-(0, 2, 5) [0, 2, 4]-octane 
2! 3, 3-Dimethyl- tricyclo- (0, 2, 6) [1, 2, 2]-heptane 
22 2, 3, 3-Trimethyl-tricyclo-(0, 2, 6) Th 2, 2|-heptane 
23 iF ; 3-Trimethyl-tricyclo-(0, 2, 6) [1, 2, 2)-heptane 
24 2, 3-Dimethyl-3-ethyl-tricyclo-(0, 2, 6) [1, 2, 2]-heptane 
25 
26 5, 8, 11, 11-Tetramethyl-tricyclo-(1, 2, 5) , (0, 4, 4]-undecane 
27 4, 10-Dimethyl-7-methoethyl- per stele (O, 2, 4) {0, 4, 4]-decane 
28 2, 3-Dimethyl-3-[4’-methopenty] ]- oP tg (0, : 2, 6) [1,2,2]-heptane 











¥ Structures of f trdecenhens No. 8, 17 pees 25 as yet unknown. 

1S" in a Baeyer bracket indicates a spiro-carbon atom. Figures in round 
brackets () in the names of tricyclo- paraffins indicate position of the second 
(smallest) bridge; the first figure gives the number of C-atoms in the second 
bridge, the two following the numbers of the two carbon atoms in the bicyclic 
system to which it is attached. The naming and numbering of atoms in the 
bycyclic system proceeds according to the well known A. v. Baeyer’s procedure 
isee Ber. 33, 3771 (1900), and is indicated in the square brackets []. A detailed 
discussion will be published elsewhere. 





perhydroaromatic rings or one tri-cyclic or one spirane 
system. 

Simple structural chemistry teaches us that for every 
ring formed in a paraffin hydrocarbon two hydrogen 
atoms must be eliminated, so that if the number of rings 
is R the formula of the hydrocarbon is CaHon+2-2r or 
CaH2(n-r+). 

It should be understood, however, that this formula 
may not be extended to such complex cyclic systems, 
whose ring system cannot be represented on a plane. An 
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FIGURE 3 
12-Ring Naphthene, C»Hx 


example is the hydrocarbon—C,,,H,, (see Figure 3)—of 
the family C,H.»-., which consists of 12 rings; the 
formula would lead us to expect only 11 rings. 

The possible objection—that the H/C ratio cannot 
be determined accurately enough—is dispelled by the 
recent improvements in organic combustion analysis 
made at the Bureau of Standards.* The ratio can now 
be determined to the fourth decimal place, i.e., with a 
precision much greater than specific refraction. (A 
change of 0.0100 in the hydrogen-to-carbon ratio cor- 
responds to a change of about 0.0005 to 0.0006 in the 
specific refraction. ) 

Any discrepancies between the H/C ratio and specific 
refraction plots may in future give some possible clues 
as to the constitution of the naphthene rings ; however, 
before doing so a larger amount of experimental de- 





8 See B. J. Mair and S. T. Schicktanz, Ind. Eng. Chem., 28, 1450- 


1451 (1936). 

*B. J. Mair, C. B. Willingham and A. J. Strieff, see papers pre- 
sented at the Petroleum Division, American Chemical Society, Mil- 
waukee Meeting, September, 1938, page 348. 


TABLE 5 


B. J. Mair and S. T. Schicktanz’s Data’ on the “Water 
White” Portion of Midcontinent Lubricating Oil. 
(All fractions are free from aromatics) 


Lorenz-Lorentz 
Specific Refraction for D-Line 


H/C by | A= 








ni ves | Com- Experi- | Theoret-| Exp.- 
Fraction | to | 6 2D | bustion| mental ical | Theor. 
A1-6 | 0.8741 1.4778 | 1.8980 | 0.3236 0.3237 —0.0001 
A2-7 | 0.8600 | 1.4717 1.9328 0.3255 | 0.3256 | —0.0001 
A3-6 0.8343 1.4609 1.9882 0.3286 0.3286 0.0000 
B-7 | 0.8740 | 1.4797 1.8764 0.32 0.3224 0.0025 
B-34 | 0.8357 | 1.4625 | 1.9886 0.32 0.3286 0.0007 
C-15 0.8740 | 1.4787 1.8986 0.32 0.3237 0.0006 
C-23 0.8556 | 1.4695 | 1.9474 0.3258 0.3263 | —0.0005 
C-Residue 0.8364 | 1.4620 | 1.9912 0.3287 0.3288 —0.0001 
D-17 0.8679 | 1.4762 | 1.9170 0.325 0.3247 0.0004 
D-30 0.8504 | 1.4689 | 1.9592 0.327 0.3261 0.0013 
D-Residue 0.8383 | 1.4643 | 1.9898 0.32 0.3287 0.0007 
E-20 | 0.8651 1.4758 | 1.9196 | 0.3% 0.3248 | 0.0011 
E-33 0.8587 | 1.4721 1.9482 0.3262 0.3264 | —0.0002 
E-Residue | 0.8499 | 1.4690 | 1.9640 | 0.327 0.3272 | 0.0005 
F-16 | 0.8655 | 1.4761 1.9196 0.325 0.3248 0.0011 
F-20 0.8591 1.4728 | 1.9442 | .32 | 0.3262 0.0002 
F-Residue |} 0.8545 | 1.4714 | 1.9494 0.327 | 0.3264 0.0010 
| | 











1 B. J. Mair and S. T. Schicktanz, Ind. Enc. Chem. 28, 1450( Table III),(1936 
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terminations on synthetic high-molecular hydrocarbons 
would be desirable. 

For purposes of approximation the Waterman specific 
refraction plot still may be used, since in such complex 
mixtures as gas or lubricating oils the individual effect 
of deviating constituents will be minimized. 

The possible error accruing thereby is illustrated in 
Tables 5 and 6. Here the experimental specific refrac- 
tions are compared with those calculated from the ex- 
perimental hydrogen to carbon ratio obtained on the 
same fractions in the course of the recent very accurate 
investigations of B. Mair and his coworkers.’ In some 
cases the difference between the two methods amounts 
to 0.0020 specific refraction units corresponding to a 
difference of 0.20 percent in the hydrogen content, 
surely not a negligible quantity in exact work. It may be, 
as mentioned above, an indication that rings producing 
optical exaltations are present. 

In regard to 

(b) The determination of the percentage of naph- 

thenic and paraffinic carbons in a saturated 
hydrocarbon oil, 
we would like to make the following comments. 

Vlugter, Waterman and van Westen used the specific 
refraction also for the above mentioned purpose. 

Their procedure was to interpolate between two base 
lines, using the paraffin curve as one and the curve for 
the “100 percent” naphthenes of the decaline struc- 
ture, i.e. 

H 


H 
H 


H 
H H H H H 


, as the other. (A 100% naphthene is defined as one in 
which every carbon atom belongs to the ring system. ) 
However, their procedure is based on the unproven 
assumption that the above mentioned naphthenes repre- 
sent the limiting case. Actually a large number of “100 
percent naphthenes” is possible, and many of them have 
a much lower H/C ratio or specific refraction than the 
one adopted as the basic one by Vlugter, Waterman and 
van Westen. The relationship of their curve (No. 5) to 
others is illustrated in Figure 2. Here hydrogen-to-car- 
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FIGURE 4 
Adamantane, C »H 


bon ratios are plotted against number of carbon atoms; 
the corresponding curves of specific refraction against 
molecular weights, the ones actually used by the Delft 
workers, would be practically identical. 

Every curve represents a particular type or genus of 
naphthenes. Such curves (families) of naphthenes may 
be appropriately termed homogenetic curves (families) 
to distinguish them from the iso-cyclic or “equal num- 
ber of rings per molecule” curves (or families) of 
Figure 1. The formulas, hydrogen to carbon ratios, and 
structures of the different homogenetic families are 
given in Tables 7 and 8. 

We see that without knowledge of the structure of 
the naphthenes present in high-molecular oils it is im- 
possible to make with the methods available at present, 
a percentage determination of paraffinic or naphthenic 
carbons. 


TABLE 6 


B. J. Mair’s data’ on the Hydrogenated “Extract” Portion 
of Midcontinent Lubricating Oil. 


(All fractions are completely saturated) 























| 
| } Lorenz-Lorentz 

Specific Refraction for D-Line 

H/C by A= 

=. — Com- Experi- | Theoret- Exp.- 

Fraction - D |bustion| mental ical Theor 
B-12-H 0.9291 1.5000 | 1.7494 0.3166 0.3152 0.0014 
B-16-H 0.9272 | 1.5000 | 1.7554 0.3173 0.3156 0.0017 
B-19-H 0.9244 | 1.4991 | 1.7654 0.3177 0.3161 0.0016 
C-1-H 0.9381 | 1.5044 | 1.7352 0.3159 0.3144 0.0015 
C-7-H 0.9417 | 1.5059 | 1.7310 0.3154 0.3142 0.0012 
C-13-H 0.9389 | 1.5047 | 1.7372 0.3157 0.3145 0.0012 
C-20-H 0.9280 | 1.5005 | 1.7614 0.3172 0.3159 0.0013 
C-(264+27)-H | 0.9136 | 1.4947 | 1.7954 0.3190 0.3178 0.0012 
C-30-H 0.9047 | 1.4909 | 1.8172 0.3201 0.3191 0.0010 
C-33-H 0.8944 | 1.4868 | 1.8430 0.3215 0.3206 0.0009 
C-36-H 0.8837 | 1.4823 | 1.8628 0.3228 0.3217 0.0011 
*-37-H 0.8755 | 1.4799 | 1.8872 0.3244 0.3230 0.0014 
C-Residue-H | 0:8552 | 1.4707 | 1.9432 0.3267 0.3261 0.0006 
E-1-H 0.9466 | 1.5096 | 1.7278 0.3158 0.3140 0.0018 
E-25-H 0.9047 | 1.4920 | 1.8282 0.3207 0.3197 0.0010 




















1B. J. Mair, C. B. Willingham and A. J. Strieff, see ‘‘Papers presented before 
the Petroleum Division, American Chemical Society, at the Milwaukee Meeting 
eptember, 1938, page 348, Table 2. 
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According to our knowledge no successful attempts 
to determine the structure of naphthenes above the 
gasoline range have ever been made. Catalytic dehydro- 
genation by means of the recently described sulfur-re- 
sistant catalysts? should provide a useful tool to demon- 
strate the presence of six-membered rings and establish 
their structure by identifying the aromatic rings formed 
(benzene, naphthalene, diphenyl, diphenyl-methane etc. ). 

On the other hand it is possible to introduce some 
yardstick of the naphthenicity of saturated oils in the 
form of a naphthenicity index, which we found very use- 
ful in characterizing oils. The index is defined as the 
difference in the hydrogen-to-carbon ratios of the un- 
known hydrocarbon (or fraction) and the corresponding 
paraffin of the same number of carbon atoms per mole- 
cule (or of equal molecular weight) i.e. 

Naphthenicity index = (H/C) parartin — (H/C)ost traction 
of same average number of 
carbon atoms per molecule (or 
equal average molecular weight 
as oil). 

By definition, therefore, the naphthenicity index of a 
pure paraffin or a mixture of pure paraffins is zero. The 
greater the index the greater the naphthenicity of the 
oil. In order to avoid decimals it is practical to multiply 
the above expression by 100. 

To illustrate the use of the index the following 
examples may be cited. The bicyclic naphthene, pinane, 
of the formula C,,H,, has a 


Naph. Index = (2.2000* — 1.8000) . 100 = 40.00, 
while hexa-propyl-cyclohexane, C,,, Hy., a 
Naph. Index = (2.1667* — 2.0000) . 100 = 16.67, 


and—a saturated hydrocarbon oil with an hydrogen to 





10 See A. V. Grosse and V. N. Tpatieff, Abstracts of papers presented 
before the Organic Division of the American Chemical Society at the 
Milwaukee Meeting, Sept. 6, 1938, page M-6. 

* The first figures in all these expressions are of course the hydro- 
gen to carbon ratios of the paraffin of equal number of carbon atoms 
per molecule (see Table 4). 
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TABLE 8 
Structures of Homogenetic Families of Polycyclic Naphthenes Given in Table 7 
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carbon ratio—1.350 and an average formula of 


C,3.50H33-73 (see point A in Figure 2) a 
Naph. Index = (2.087* — 1.350) . 100 = 73.7 


The lowest naphthene family shown in Figure 2 does 
by no means represent the limit of naphthenicity. The 
perfectly symmetrical 12-ring naphthene of the formula 
C,,H.., shown in Figure 3, has a H/C ratio of 1.00 and 
an index of 110. This naphthene or its derivatives are 
not known, but their existence should not be excluded, 
particularly after Landa’s discovery of the naphthene 
adamantane™, C,,H,, (illustrated in Figure 4), in 
natural oil. Other naphthenes with a still lower H/C 
ratio (approaching in the extreme case the value zero) 
are, at least theoretically, possible. 

The naphthenicity index of a homogenetic family is 
constant for all its members if their genetic formula is 
of the type 

CmaHoe + 2 
(f.i. families Nos. 1, 2, 4 and 6-12 in Table 7). It equals 


2m —n 
——————- - 1790 
m 


Families of the type CmasHmaie (f.i. No. 3 or 5 in 
Table 7) and also the monocycloparaffins, C,H,n, have 
an index changing with molecular weight. At high 
molecular weights their index reaches a limiting value 
equal to the expression given above. 

For the comparison of purely aromatic oils or frac- 

1g. Landa and V. Machacek, Czeck. Comm, 5, 1 (1933). 

* The first figures in all these expressions are of course the hydro- 
zen to carbon ratios of the paraffin of equal number of carbon atoms 
per molecule. 

12We recommend, in full agreement with Viugter, Waterman and 
van Westen and based on our own numerous determinations, the use 


of specific dispersions as a rigorous qualitative test for the presence 
or disappearance of aromatic carbon atoms in oils. 
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tions the aromaticity index may be used in exact 
analogy. It is defined as the 100-fold difference between 
the hydrogen to carbon ratios of a paraffin of the same 
number carbon atoms per molecule and the fraction in 
question. 

For instance, the aromaticity index of naphthalene, 
C,,H,, equals (2.2000*—0.8000) . 100=— 140.00, of 
pyrene, C,,H,,, equals (2.1250*—0.6250) . 100= 
150.00 and of an aromatic oil fraction showing a hydro- 
gen to carbon ratio of 0.953 and an average formula of 
C,5H,5-9-953 it is (2.080*—0.953) . 100 = 112.7. 

For mixed oils, a hydrogen deficiency index may be 
used. The percent aromatic carbons in a mixed oil can 
of course be readily determined by complete’? hydro- 
genation and the knowledge of the hydrogen to carbon 
ratios before and after hydrogenation. By separating the 
aromatics the hydrogen deficiency index may be split 
into the corresponding naphthenicity and aromaticity 
indices. An application of these methods to practical 
cases will be described in a separate paper. 


SUMMARY 


The theory underlying the analysis of paraffinic and 
mono- and poly-naphthenic oils is discussed. 

It is shown that the hydrogen to carbon ratio can be 
used with greater theoretical justification, accuracy and 
simplicity in the determination of the number of rings 
per molecule in saturated oils than the specific refrac- 
tion. 

It is shown that the percentage determination of 
paraffinic or naphthenic carbons is not possible with 
the methods suggested up to the present. Instead the 
notion of a naphthenicity (and respectively aromaticity) 
index of oils is introduced. 
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Valveless Steam Pump 


Handles High 


N order to pump condensate from the preheater in 

the natural gasoline plant at Wichita, Kansas, Cities 
Service Gas Company has used flanged fittings and 
valves, with a simplex steam pump which has handled 
this proposition quite satisfactorily. The problem in 
the plant consisted of disposing of high-temperature 
condensate, which if flashed to atmospheric pressure 
would be in the form of vapor, to the water tube boilers 
without passing it through a set of condensers, or vent- 
ing it into the boiler plant hot well. In the first place, it 
was found that a considerable amount of water was re- 
quired, and in the second place, valuable heat properties 
were lost. 

The material used in this hook-up consists of several 
flanged fittings and a pump from which the valves are 
removed. The first part of the apparatus is located as 
closely to the preheater as practicable, but the pump is 
located in the boiler room, 200 feet away. The fittings 
consist of four, 4-inch flanged ells, two, 4-inch flanged 
tees and two 4-inch by 2-inch tees with 2-inch ells 
welded to the body. The assembly resembles a harp, with 
the 4 x 2-inch tees setting in a vertical position. A pump 
fluid end valve is placed in the upper part of each of 
these tees, and a similar set of valves installed in the 
upper part of the lower pair of flanged ells. Valve seats 
are welded in place for valves to seat upon, both pairs 
of which open upwards. This assembly, with its comple- 
ment of 2-inch piping was set on the lower outlet of the 
preheater unit. A 2-inch pipe leads directly overhead on 
stanchions to the boiler feed line, to enter the drums 
along with the usual hot water pumped into them for 
steaming. 





— 





Temperature 


Condensate 


In order to handle this hot water under high tempera- 
ture, the simplex pump is operated with valves removed, 
and acts simply as a hydraulic ram. As the piston moves 
towards the steam chest, suction is generated on the 
cold water remaining in the lines connected to both the 
inlet and outlet fittings of the pump, and the correspond- 
ing set of valves in the “harp” arrangement at the pre- 
heater opens to allow water to flow into the line. On the 
return stroke, the opposite set of valves function, but, 
as the previous set closes, water is forced to the boilers. 
In effect, the apparatus is a simple pump but with “re- 
mote” valves. 

The reason for setting the pump in the boiler room is 
to obtain operation of this unit without heating. The 
long 2-inch lines leading from the “harp” to the pump 
remain filled with water at all times, but never exhaust- 
ing. It is simply pulsated back and forth as the pump 
operates, with the fresh intake moved at the “harp” 
valves through the lines to the boiler. Saving in fuel is 
not known precisely, but when this unit is shut down, 
the regulators at the combustion chambers open to allow 
a larger amount of fuel to flow through the burners, 
and, as it is placed on the line again, the burners require 
less fuel, all determined with a constant steam load. 
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Part of apparatus developed in Cities Service Gas Company’s Wichita, Kansas gasoline 
plant to remove condensate from preheater, 


158 


Refiner & Natural Gasoline Manufacturer—V ol. 18 No. 4 








tie 

















5 | 
’ 


og wee, y 
7 2 Ee a a gE @ 


me 14) »@ i 


cia 





A AE PEO ee 





Hiss Ces Cia fie iy 
a s 


' 
I 


ed 
nee > 18: ah £1 


8 
‘ 
$ 


Richfield Oil Corporation, Watson, California. At the left is shown the four columns in the polymerization system adjacent 
to the two columns used in the hydrogen sulfide removal plant which cleans the gas prior to its polymerization. 


Removal of H,5 from Gas by 


The ‘Tripotassium Phosphate 


Process 4: Richfield Plant 


MONG the many units installed by Richfield Oil 

Corporation in its recent refinery expansion at 
Watson, California, is a hydrogen-sulfide-removal 
system. The plant was fabricated and erected by C. F. 
Braun & Company of Alhambra, California, from 
plans based-on flow diagrams furnished by Shell 
Development Company. The tripotassium phosphate 
process used is licensed under patents assigned to 
Shell Development Company. 

Feed to the plant is composed of a mixture of 
paraffins and olefins up to and including butanes 
contained in the overhead from the gasoline stabilizer 
unit. Substantially all available butene is contained 
in the gas. From the hydrogen-sulfide-removal unit 
the gases pass to a U.O.P. catalytic polymerization 
plant. The treater was designed to reduce 3,500,000 
standard cubic feet per day from an initial content of 
3000 grains per 100 cubic feet to 100 grains per 100 
cubic feet. Operating temperature and pressure as- 
sumed for design were 185° F. and 200 pounds gauge, 
respectively. 

The plant is extremely simple in design and opera- 
tion. Absorption is accomplished principally accord- 
ing to the reaction 


K;PO, + H.S — K:zHPO.+ KHS 
The reaction is reversed during regeneration. Mer- 
captans are not removed by the phosphate process. 
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Ammonia, when present, is absorbed by the solution 
and is driven off along with the hydrogen sulfide. 
Gases enter the absorber at the bottom, rise through 
36 bubble plates countercurrent to a stream of de- 
scending absorbent solution, and pass out at the top. 
The absorbent is tripotassium phosphate solution 
containing 2.0 gram mols K,PO, per kilogram of 
solution. It was mixed at the site from steam con- 
densate and commercial grades of potassium hydrox- 
ide and phosphoric acid in such proportion that the 
mol ratio of KOH to H,PO, was between 2.95 and 
3.00 to 1. From the absorber the foul solution is 
released by level control to the regenerator. Regen- 
eration is accomplished by concentrating the solution 
in a standard steam-heated boiler. The concentrated 
solution falls to a surge tank where residence at the 
boiling temperature causes further regeneration. The 
solution pump picks up the regenerated solution and 
pumps it back to the absorber by way of the heat 
exchangers and a solution cooler. Vapors, hydrogen 
sulfide and steam, pass overhead from the reboiler 
to a condensate stripper which is a small two-plate 
bubble column surmounted by a condenser and a 
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phase separator from which water is refluxed to the 
stripper. H,S goes overhead to a waste products 
burner. Stripped condensate is returned to the top of 
the absorber by the condensate pump. 

This plant utilizes one interesting feature of the 
phosphate system. The equilibrium solution satura- 
tion, expressed as mols H,S per mol K,PO,, cor- 
responding to a given concentration of H,S in the 
hydrocarbon, is greater for a dilute solution than for 
a more concentrated one. Advantage is taken of this 
fact by doing the bulk of the stripping with a con- 
centrated solution in the lower section of the absorber 
and using a dilute solution to remove the last traces 
of H.S in the upper section. The dilute solution is 
made up of all the condensate and a portion of the 
regenerated K,PQ,. 

In the Richfield plant the absorber is 48 inches in 
diameter and contains 36 bubble plates, spaced 18 
inches apart, and one demister tray. Equipment was 
designed for peak load; wide fluctuations in gas rate 
and H,S content justify the seemingly large number 
of plates. The concentrated solution enters at plate 
18. Heat exchangers, cooler, and condenser are of the 
conventional shell-and-tube design. The reboiler has 
a tapered shell 36 inches maximum diameter by 17 
feet long. An overflow weir is formed by connecting 
the discharge line on the end of the sheil. The surge 
tank is 60 inches diameter by 16 feet long. A 6-inch 
insert in the suction line to the solution pump per- 
mits settlement of any suspended matter. Solution 
concentration may be regulated by bleeding open 
steam to the surge tank or by withdrawing con- 
densate at the stripper. The condensate stripper and 
phase separator are both contained in a 36-inch 
diameter shell. They are separated by a solid deck 
but connected externally by a reflux leg. Bubble 
plates of the stripper are similar in construction to 
those of the absorber. Pumps are of the steam-driven 
double-acting reciprocating type. Duplicate pumps 
are provided. As the solution is not corrosive, iron 
and steel are used throughout. Every possible con- 
venience for operation and maintenance has been 
provided. The absorber and condensate strippers have 

manholes at each plate. Platforms and overhead 
trucks were installed to facilitate handling and in- 
spection of heat exchanger bundles. Control of the 
plant is almost entirely automatic. 

Gas is available for processing at 175 pounds 
gage pressure and 150° F. The initial H,S content 
varies between 2000 to 2500 grains per 100 cubic 
feet; mercaptans, calculated as equivalent H,S, from 
100 to 250 grains per 100 cubic feet. The volume of 
gas also ranges from 2,000,000 to 3,000,000 cubic feet 
per day, depending upon cracking and reforming 
operations. At normal full load the total flow rate of 
regenerated solution is 40 g.p.m., of which 3.0 g.p.m. 
is released to the dilute solution stream. The con- 
densate rate is 5.0 g.p.m., making approximately 8.0 
g.p.m, of dilute solution. The initial charge contained 
about 4000 gallons of 2.0 mol K,PO,/kg. solution. 
Heat is supplied by steam from the high-pressure 
system at 140 pounds gage pressure; the normal rate 
is 3000 pounds per hour. To avoid any possible 
hydrocarbon condensation, the solution is fed to the 
absorber at temperatures slightly higher than the 
gas stream. Heat exchange has been excellent, and it 
has been unnecessary to use the solution cooler. The 
cooling water rate to the condenser is 250 g.p.m. 

For plant control, gas analysis is performed by the 
Tutwiler method, using standard iodine solutions 
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with starch as an indicator. Solution concentration is 
checked by measuring Baume gravity with standard 
hydrometers. The Tutwiler titration does not distin- 
guish between hydrogen sulfide and the lower mer- 
captans. As the mercaptan content of the gas is not 
constant, laboratory checks are made at regular in- 
tervals to determine the true H,S content of gas 
before and after treatment. A potentiometric method 
of titration which distinguishes between H,S and 
mercaptans is used. This procedure was devised by 
the Shell Development Company laboratory and will 
be described in a separate publication. As determined 
by such potentiometric analysis, the H,S content of 
the treated gas has been consistently in the range 
of 50 to 100 grains per 100 cubic feet. Periodic anal- 
yses are also made of the chemical content of the 
absorbent solution. Solution loss is a negligible item. 
K.,PO, is a stable, non-volatile salt; it enters into no 
side reactions and introduces no impurity in the 
treated gas. A drip-collecting system has been in- 
stalled which picks up the leakage at the packing 
glands of the solution pump and the samples with- 
drawn for gravity determination. 

The plant was placed on stream early in October, 
1938. Operation has been uneventful except on one 
occasion. The difficulty was overcome by a slight 
modification of the flow plan. Suspended material, 
principally iron sulfide formed from mill scale, accu- 
mulated in the solution during early operation. How- 
ever, when the solution was withdrawn and the 
plant flushed with hot water after ten weeks of op- 
eration, there was no noticeable corrosion in any part 
of the plant. 

A typical daily operating statement appears in the 
table below. Were the cost of steam generation a 
matter of primary importance, steam consumption 
could be reduced about one-third by stripping the 
solution with open steam. 


RICHFIELD OIL CORPORATION H.S PLANT 


Daily Report, Watson Refinery 


24 Hrs. Ending 
7 a.m. 12/27/38 


Gas Rate—Std. Cu. Ft/Day.................. 3,060,261 
Inlet HzS—Grains/100 Cu. Ft............. 2,150 (a) 
Outlet H:S—Grains/100 Cu. Ft........... 186 (a) 
H:S Removal—Percent ................ 91.5 

eRe Riel s cwintd cpp abd mas’ 8,591 

Steam 
To Concentrator, No./Day............... 91,550 
BO meee Teme, WOSUOF. .. 0... 6ssccecs ae 
TWOP EMM oon 6 cava w am 0k sisicla.s's derecvon 91,550 
mG.s iD. Pes Memoval.... oc ccccccccscve 10.7 

Strong Solution 
Ng hic a. 2 st we Vac i gts eK ae 57,600 
Se GM PEs. cv adda cane cpak das 18.8 
he eg os oo re on eee 49.5 

DE IIR SIE 5s. 5.0 sie a sn dds occa dee cess 46.0 

Weak Solution 
Sa, Bg 0 ar ea 3,499 
ES ee... words ahaa aun 7,200 
A ae | 2 10,699 
MOU WRG Pec hae kos 35 
se. eee OTR cele MPS Pea eh pete ee a) 19.7 


Average Operating Conditions 
Temp. °F Pressure 


a rn ee 149 

EINE OE Sioisrs bbs 6 os-ncca es ee beian 182 ers 
I er ee Oe, eee 169 169 lbs. 

EES eet eer par ieee 183 ale 

IRE Tar eet er re erate We ten 200 

I a rs Ba eae oaa eX care a's 242 pegs 

NN oid 526 ois ieeilaia he dag Aven wie asia 240 ¥% lb. 

Accumulator Top (H:S Rec.)........... 88 eas 
i har anis ibstacanat Saas Bad nictaidmalbesen ah © 212 





(a) Includes mercaptans. 
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THE USES OF 


Oxygen and Acetylene 


PYHE use of oxygen and acetylene in the refinery 

has enabled the modern engineers actually to put 
into service the things that were only dreams 25 
years ago. 

High pressures and high temperatures in refining 
oil have made it necessary to change the method of 
pipe construction nad refinery equipment. 

The refinery is made up of many different depart- 
ments, all of which are necessary for the manufactur- 
ing of gasoline and other refinery products. Being 
independent within itself, the refinery has its own 
power and light plant, water-treating plant, ice plant, 
boiler houses, clay-burning plant, air-compressor 
equipment, blacksmith shop, boiler- and tank-fabri- 
cating shop, carpenter shop, machine shop, paint 
shop, pipe shop, steel-barrel-manufacturing plant, 
car-repair shop, instrument shop, and last, but by no 
means least, the welding shop. 

The use of oxygen and acetylene has a very dis- 
tinct part in the operation and maintenance of these 
various departments of the refinery. The uses of 
oxygen and acetylene can be divided into three main 
divisions; namely, new construction, maintenance 
and salvage and demolition, each of which has a valu- 
able and important place. 

Let us take up, in the order named above, the 
various ways oxygen and acetylene are put to use in 
the refinery and begin with “new construction.” This 
field calls for a wide use of oxygen and acetylene, 
from the cutting of reinforcement rods to the com- 
pleted job. Practically all pipe work, manifolds and 
pipe headers are constructed in the welding shop, as 
well as the field, by the use of the oxy-acetylene 
cutting torch. Structural steel fabrication and erec- 
tion is simplified by the use of the oxy-acetylene 
welding torch. Pumps, pump parts and pump bases 
are constructed in the welding department of the 
refinery, also safety guards, guard rails, pipe hangers, 
instrument panel frames, stack uptakes, water, fuel, 
and storage tanks, pump lubricators and water 
heaters. 

High- and low-pressure steam lines are now of 
welded construction. In the erection of these lines, 
there is a certain amount of cutting and fitting done. 
\ll connections from the main lines are made by the 
use of a cutting torch. Most steam lines are more or 
less streamlined, so to speak, by the omission of all 
bulky screwed fittings. Insulation of these lines has 
been modified and improved due to welding. 

New oil and gas lines are constantly being con- 
structed and because all gas lines are either just on 
top of the surface or underground, they have to be so 
constructed as to give the minimum amount of 
ipkeep. The natural method for the upkeep of these 
‘ines calls for welding. Lines on the surface must be 
supported. These supports are fabricated from sec- 


* Presented at the 39th Annual Convention of the International 
cetylene Association, Houston, Texas, March 8, 9 and 10, 1939. 
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In the Refinery 


HENRY JOUETTE* 


General Welder Foreman, 
Magnolia Petroleum Company, 
Beaumont, Texas 


ond-hand pipe by the use of the oxy-acetylene cutting 
torch. 

Pipe hangers and hanger lugs are often fabricated 
out of angle or channel iron, simply by cutting out 
the flange and heating and bending to the required 
shapes. Hanger bolts are often shortened or length- 
ened, as the job might require, and this, too, is done 
with the oxy-acetylene process. 


MAINTENANCE WORK 


After the completion of a job, it must be main- 
tained. Oxy-acetylene welding and cutting play an 
important rele in this phase of refinery work, too, 
such as storage and tank repairs, removing old roofs 
and structurals, fabricating new roofs and bottoms 
in the field from stock sheets, cutting holes in roofs 
for vent and gauge connections, the placing of safety 
guards around vents, keeping the fire-protection 
equipment in first-class condition, which by way of 
explanation, is an important item, foam-mixing cham- 
bers and piping, repairing steam lines to tanks, cut- 
ting and fitting steam heater coils, and repairing stair 
platforms and stair brackets. 

Sundry repairs made by the oxy-acetylene cutting 
equipment have been mentioned, but I want to goa 
little more into detail on the importance of oxy- 
acetylene cutting in the maintenance of steam, gas, 
water and oil lines. 

Many pipe lines, especially the older ones, are not 
welded. Often it is deemed advisable to remove or 
reroute a pipe line. With the use of the oxy-acetylene 
torch, this is not considered a major task. The pipe is 
merely cut in sections, taken up, all screwed collars 
and flanges cut off, and the ends torch beveled for 
welding. Connections are constantly being added to 
pipe lines. “Y” and “T” fittings are cut and fitted into 
the line for welding. 

Often the older steam lines have to be taken out 
of service due to leaking threads and flanges. When 
this becomes necessary, every possible thread con- 
nection is cut out and welded. Since all steam lines 
are overhead, they have to be supported. These sup- 
ports are made either of structural steel or second- 
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hand pipe. In making pipe stanchions, the pipe is 
shaped and fitted with the cutting torch. 

There is a great demand for oxy-acetylene cutting 
in the maintenance of the grease plant and lubricat- 
ing department of the refinery, such as repairing the 
old piping to and from the grease mixers. This is 
done by removing all threaded fittings and then 
welding. Grease strainers, safety guards, hand rails, 
and heater coils are fabricated and installed in tanks; 
pumps and pump manifolds are repaired and re- 
modeled by the use of the oxy-acetylene cutting 
torch. 

There still exists in the refineries today some of the 
old shell type stills that require constant repair. 
The oxy-acetylene torch is indispensable for cutting 
out old patches and rivets for replacement with new 
ones, cutting holes in the stills for rivets, as well as 
repairing condenser boxes, coils and coil supports and 
repairing the vapor lines from stills to towers. Do not 
overlook the fact that pipe and pipe connections must 
be repaired and replaced in this type still and there 
is a constant demand for oxy-acetylene cutting here. 

Of course, there is not a department within the 
refinery that must be kept in first class condition 
more so than the power plant and boiler houses. 
With the oxygen and acetylene tools, we are able 
to do this, as well as keep in first class shape fuel 
gas, steam and water lines. Tubes are removed from 
boilers, fresh air fans and ducts to boilers are re- 
paired, and pipe hangers are fabricated or repaired. 
In addition to this, instrument board frames, safety 
guards, water-cooling system and turbines are also 
repaired with oxygen and acetylene tools. 


METAL SPRAYING 

Metal spraying is fast taking its place in the re- 
finery, not only from a corrosion-resisting standpoint, 
but in many other ways. Many pump rods, and tur- 
bine shafts are built up with stainless or high- 
carbon steel. Furnace burners that have to withstand 
an excessive heat are fabricated in the welding shop 
and then sprayed with a coat of aluminum. Tank 
floats are sprayed with stainless steel, aluminum or 
bronze, as well as exchanger heads and shells. Large 
bearing shells are sprayed before babbitting. 

Hot-oil pump sleeves and bushings, as well as 
many machine parts that show excessive wear, are 
hard surfaced by the use of the oxy-acetylene weld- 
ing torch, 

What use would we have for the millions of gallons 
of gasoline turned out by the refinery each day if the 
tank cars were not in shape to roll it away? Here, 
the oxy-acetylene torch plays a most important part. 
In this department, the cutting torch is used to re- 
move running board bolts, rivets, holes for tank 
patches and rivets, burning out rivets in draft gear 
lugs, cutting out rivets in center plates, top and 
bottom. The rivets on the under frame must be cut 
off and out when they have to be removed. 

The oxy-acetylene equipment is one of the most 
used tools for repair work on the cracking stills. Con- 
sidering the fact that the cracking unit has just re- 
cently emerged from the pioneer stage in the refin- 
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ery— let me go into detail a bit about the importance 
of oxy-acetylene cutting in the upkeep of this unit in 
connection with the refining, of oil. All ruptured or 
worn-out tubes are cut out of headers. In order to 
remove ruptured or worn-out tubes from the furnace, 
the weld on the bushing first must be cut off, then 
bushing is heated and cooled to remove from header. 
The tube is cut off by the use of the straight-line 
cutting torch just back of the header, leaving about 
four inches of tube to remove from header, this being 
done by splitting the short piece in.about three pieces. 
The ferrule between the tube and header wall is then 
removed in a like manner, the same method applying 
on the opposite end. The tube is then ready to be 
removed. Coke that has accumulated between header 
and ferrule is removed by the use of a torch. New 
tubes are then placed in headers, ends rolled and then 
heated with the torch to be turned or flared for weld- 
ing. The accumulated coke (or carbon) in the headers 
between tubes is removed by burning out with 
oxygen, using a torch only to start the coke burning. 
Other uses for oxygen and acetylene equipment in 
connection with the cracking unit are such as remov- 
ing disc valves from bushings by heating with the 
torch, removing pipe work, cutting out bolts and 
nuts, removing and replacing coil supports in vapor 
towers, changing and repairing tower connections, 
changing and repairing reaction chamber connec- 
tions, repairing gas separator connections, condenser 
box coils and supports, over-flow water connections 
from condensers, making and installing new pipe 
connections, pump manifolds and headers in control 
houses, and repairing fresh air fans and ducts. The 
hot oil pumps often require the use of oxy-acetylene 
torch when dismantling and repairing. 

Because of the fast changing of oil refining 
methods, we are constantly discarding obsolete equip- 
ment. Some of this equipment can be used on other 
jobs. Salvaging material in a refinery is by no means 
a small item. Material such as valves, pipe, pipe fit- 
tings, flanges, headers, manifolds, pumps, small tanks 
and towers, eye beams, channel and angle iron, are all 
salvaged. It might be of interest to know how fittings 
that are 3-inch or larger are salvaged by the use of 
the oxy-acetylene cutting torch. This is done by 
cutting about one quarter of the distance around the 
pipe, cutting or notching it out, then caving the pipe 
in, in order to remove without destroying threads in 
fittings. All usable pipe, after fittings are removed, is 
sent to the salvage department to be reclaimed for 
welding by cutting off threads and beveling ends 
with the torch. 

After all usable material is salvaged from the old 
tanks, stills, towers, structural and pipe work, mostly 
by the use of the cutting torch, that which is left is 
easily and economically demolished, cut to size, and 
disposed of for scrap material to be sold and shipped 
out of the refinery. 

I have tried, in this paper, to give a word picture 
of a few of the ways the oxy-acetylene torch is used 
in the refinery today, but there are hundreds of other 
jobs done daily with this equipment that could not be 
touched on in such a short time. 
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Efhcient Portable Heater 
For Small Heating Loads 


F. L. KALLAM 


Industrial Engineer 


HERE are many cases in refining and industrial 

plant service where small heating loads can best be 
handled by direct-fired heaters. Such applications require 
a reasonably efficient unit which often is difficult to 
justify because of the required high initial expense. In 
refining operations, the simple topping, reboiler, de- 
hydrator, asphalt and pipe-line heaters are examples. 
The steam super-heater, waste-heat boiler and high-tem- 
perature kettle are representative services in the indus- 
trial field. The newly developed Millard heater, or pipe 
still, is a unit designed for applications to such heating 
loads. 

This heater is a readily portable unit, consisting of 
a rigid circular steel shell mounted on I-beam skid 
facilities for transportation. A few inexpensive concrete 
piers, or even timbers, is the only required foundation. 
As received in the field the heater is complete and ready 
to fire, except for placing upon the supports and con- 
necting to the fuel and oil circuits. 

An interesting feature of this heater is the relation- 





ship of the heating surface to the combustion space. As 
can be seen from Figure 1, this surface is composed of 
tubes placed around the periphery of the firing chamber. 
The oil circuit through the tubes is arranged as required 
by means of conventional junction boxes. Burners are 
designed for operation with either gas or fuel oil, which 
permits firing through the center of the long combustion 
chamber without flame impingement upon the tubes. 
Combustion gases in this simple radiant type of heater 
leave at the far end of the firing tube by way of the 
stack. 

Where high thermal efficiency is required, a convec- 
tion section is added to the primary radiant heater. This 
section is of identical construction, but is placed directly 
above the radiant tube with an interconnecting flue-gas 
duct system. In this design, the stack is mounted directly 
upon the convection casing, or, with the self-supporting 
type, at the side as shown by Figure 2. The oil circuits 
in both sections are connected together as required, the 
cold oil entering the convection bank and leaving the 
heater from the radiant tubes. 

In Figure 3 there is shown three 9,000,000 B.t.u.-per- 
hour pipe-line heaters designed to handle 25,000 barrels 
per day of crude oil through two parallel circuits com- 
posed of 5-inch O.D. tubes. Each heater weighs only 
40,000 pounds, 25,000 pounds of which is in the lower 
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FIGURE 2 


Shop assembly of asphalt 

heater showing convection 

section on top and radiant 
section below. 


or radiant section. Thus the weight of the largest piece 
to be handled is less than that of an oil field boiler. 

This portability feature is possible because the heaters 
are lined at the factory with an efficient type of air- 
setting refractory which receives nearly 80 percent of its 
full strength within 24 hours. An interesting feature of 
this material is that while it weighs one half that of 
fire brick or other cast refractories, it withstands fur- 
nace temperatures between 2300 and 2500° F. without 
crumbling or spalling. Several heaters have been in 
service for over two years with furnace temperature of 
1800° F., a temperature which will ordinarily cover 
such operations as the topping of crude oil. The refrac- 
tory wall is also suitably protected against damage in 
transit and rough field handling by means of the circular 
steel shell. 

A further feature of the refractory material is that 
it has a 2.4 coefficient of conductivity at 2000° F. against 
9.3 for fire brick. Thus the heat loss from a 4-inch 
lining of this material is equivalent to the loss from a 
9-inch wall of fire brick. Because of the insulating 
feature of the lining, and the fact that the refractory 
wall is shielded by high-transfer tubes, the outer casing 
temperature of the heater seldom exceeds 200° F. 








The thermal efficiency of this type of heater will be 
found to equal that of the conventional pipe stills with 
supported, air-cooled walls. Excess combustion space is 
eliminated in this design, a feature which is predicated 
upon late practice in the power-generating field. Stored 
heat in the unit is thereby reduced to a minimum, allow- 
ing the furnace to cool down in one tenth the time 
required by a brick wall. No outside insulation is needed 
and seldom will it be found necessary to house the unit 
from the weather. 

The standar heater is designed with the screw-type 
junction boxes and low-carbon steel tubes, the entire 
assembly being suitable for a working pressure of 300 
pounds per square inch with a coil outlet temperature 
of 650° F. All tubes can be cleaned from the ground 
with the exception of those located in the convection 
section. Supports of identical material as the furnace 
lining are used to prevent tube sag. The entire tube 
bundle, including the two end tube sheets are removable. 
Access to the combustion space is provided through 
large explosion doors at the ends of the heaters. Inspec- 
tions or repairs to the refractory lining can thus be 
easily made. 
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FIGURE 3 


Three 9,000,000 B.t.u.-per 
hour pipe-line heaters. 
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Pccceent¢ this question 
arises in the petroleum industry: Is 
the industry destined to experience 
serious difficulties in connection with 
the expanding use of Diesel engines, 
which consume relatively less fuel 
than gasoline engines? 

The question is doubly significant, 
as it involves the possibility that the 
industry might suffer a net loss in 
demand for petroleum and also the 
possibility that the industry might be 
forced to make costly changes in its 
refining facilities in supplying rela- 
tively larger quantities of Diesel- 
burning fuel oil and smaller quanti- 
ties of gasoline. 

The general answer to the above 
question is that the petroleum indus- 
try apparently has relatively little to 
lose and possibly a great deal to gain 
from the increasing use of Diesel 
engines. 

To a comparatively small extent, 
the switching from gasoline to fuel 
oil through Dieselizing trucks and 
buses may cut into petroleum de- 
mand in the next several years, with 
the loss in gasoline demand only par- 
tially compensated by a gain in fuel 
oil consumption. 


Diesels 





Their economy in fuel is offset by growing 


use of oil engines as against other power 





By L. J. LOGAN, 


But it must be considered that a 
part of the expansion in use of 
Diesel engines involves applications 
where gasoline engines are not being 
displaced, as on railroads, in ships, 
and at electric power plants. In some 
such instances, Diesel engines have 
been in use a long time, furnishing a 
substantial market for fuel oil, and 
any increases in the number of such 
installations stimulate the demand 
for fuel oil. In other cases, the new 
Diesel installations furnish the pe- 


Diesel engines are particularly applicable to 
switching locomotives, while employed in other 


ways also by the railroads. 


Pictured here is a 105-ton switching loco- 
motive powered by five Diesel engines. 
engines are directly coupled to generators driv- 
ing individual motors on each axle, and one 
drives blowers, compressor, and generator for 
lights and starting. Total horsepower is 760, 
top speed is 40 miles an hour, and the locomo- 


tive can handle 50 to 100 loaded cars. 


Four 


Associate Editor 


troleum industry entirely new mar- 
kets, by displacing equipment oper- 
ated by steam or electricity, through 
use of coal or water power, rather 
than oil. Such gains for the oil in- 
dustry, although at the expense of 
competing industries, occur, for ex- 
ample, when a railroad puts into use 
a Diesel-powered locomotive instead 
of a coal-burning steam locomotive 
and when a company installs a Diesel 
engine for any purpose in preference 
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to buying electricity generated by 
coal or water power. 

Thus to some extent, at least, any 
losses in petroleum demand from 
Dieselizing trucks and buses would 
be compensated by continued expan- 
sion in demand provided by other 
types of Diesel installations. 

Furthermore, the trend of petro- 
leum consumption has been for many 
years consistently upward, even de- 
pressions having failed to seriously 
interrupt the trend. That rising 
trend, supported by the normal in- 








crease in population, is expected to 
continue at least for some decades; 
and it would tend to alleviate any 
losses in petroleum demand that the 
automotive Diesel engines might oc- 
casion. 

In view of these various consid- 
erations, the petroleum industry ap- 
parently has very little reason to fear 
in the Diesel situation any substan- 
tial net loss of business or disruption 
of its refinery operations. 

But the industry is confronted 
with various new problems and sit- 


Oil Industry Uses Diesel Engines 





































uations that must be met, in conse- 
quence of the increasing use of the 
Diesel engines. 

Probably foremost among these 
problems is that of keeping abreast 
of the increasingly more selective re- 
quirements for desirable fuel oil for 
Diesel consumption. 

In the past, the idea prevailed 
widely that a Diesel engine could op- 
erate on virtually any kind of fuel 
oil. It could, but not always at its 
best. It now is more generally rec- 
ognized that efficient operation re- 
quires reasonably correct fuel oil, 
and henceforth the petroleum indus- 
try necessarily must cooperate in 
producing the fuels required. 

In this connection, the need for 
specification Diesel fuels has arisen, 
and must be recognized. Heretofore, 
No. 1 and No. 2 fuel oils have large- 
ly fulfilled the requirements, but the 
advent of high-speed engines has 


Diesel engines are used widely for 
driving pumps in oil pipe line stations. 
This picture shows a station of The 
Texas Empire Pipe Line Company. 


Diesel engines find wide application 
in the drilling and production divisions 
of the oil industry. They are particu- 
larly desirable for drilling in areas 
where water is scarce or where the fuel 
supply is a problem. 

This drilling rig, in operation in 
Western Kansas, uses two 6-cylinder 
200-horsepower drilling Diesels. The 
skid mounting of the entire rig and the 
details of the hook-up are illustrated in 
this picture. 














created a demand for more highly 
refined and cleaner fuels, comparable 
with kerosene. 

A second important problem for 
the petroleum industry that is grow- 
ing out of the increasing use of 
Diesel engines is that of distribution. 
Suitable fuel for automotive Diesel 
engines has not been made available 
so far in many sections of the United 
States, although it may readily be 
obtained at service stations on the 
Pacific Coast, where Diesel transpor- 
tation was introduced in this country. 
In most other districts, users must 
be large enough to have regular 
routes and sources of: fuel oil supply. 

Similarly, use of Diesel engines on 
farms and in industry is complicated 
by the necessity of installing supply 
tanks and establishing regular sources 
of supply. 

Upon the petroleum industry will 
fall a larger responsibility in supply- 


Diesel engines are widely used for 
power in steamships, tankers, motor- 
ships, towboats, tugs, dredges, being 
desirable because of fire hazard as well 
as fuel economy. 


Diesel-electric generating plants offer 
a cheap source of power for municipali- 
ties, industrial plants, flour mills, ice 
plants, hotels, office buildings, hospi- 
tals, resorts, country clubs. 

The Diesel engine is particularly sat- 
isfactory as a prime mover in small and 
medium sized central stations and in 
auxiliary stations, and it is a desirable 
auxiliary or reserve in larger steam- 
electric and hydro-electric plants. 





ing and distributing the right kind of 
fuel oil if the demand continues to 
grow. 

The question as to what implica- 
tions the increasing use of Diesel en- 
gines has for the petroleum industry 
is prompted often by discussion of 
the possibility of Dieselizing all 


trucks and possibly passenger cars. 
However, no such widespread turn- 
ing from gasoline to Diesel engines 
is in prospect, particularly in the 
United States. For the chief advan- 
tage of the Diesel engine is its econ- 


omy in fuel consumption, its first 
cost being comparatively high, and in 
the United States, where all fuel 
costs are comparatively low, this ad- 
vantage justifies use of the Diesel en- 
gine only in some instances, where 
fuel consumption is an important 
item. 

In many other countries, however, 
fuel costs are high, and because of 
economizing on fuel, the Diesel en- 
gines are found practical and are ex- 
tensively used, particularly in trucks 
and buses. Furthermore, in so far as 


Eleetrie Generation and in Boats 
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Dieselized trucks and buses are being 
exported by United States manufac- 
turers, they lower the production 
costs and make the Diesel units more 
attractive in price. 

Nevertheless, the economical ap- 
plication of the automotive Diesel en- 
gine in the United States is limited 
to cases where use is sufficiently ex- 
tensive to afford fuel savings offset- 


cause of its comparatively small pro- 
portion to the demand for all motor 
vehicles. 

Motor trucks currently account for 
about 13 percent of all motor vehicle 
registrations in the United States, 
and of those trucks only about 5 
percent are of 2% tons or greater 
capacity. Those heavy trucks, which 
are the most likely potential users of 


Farmers Plow With Diesel Power 


ting the higher original costs. The 
Diesel equipment may be justified, 
for example, in heavy trucks or buses 
that cover exceptionally large mile- 
age per year. It may not be practi- 
cable, on the other hand, at least as 
yet, in lighter trucks covering rela- 
tively small mileage. 

It is generally considered that eco- 
nomical use of Diesel power for 
trucks is limited at present largely to 
the heavier trucks, of 2% tons or 
greater capacity, which cover as 
much as 15,000 miles a year. 

This potential market is important 
from the standpoint of the engine 
manufacturers, although it would not 
have especially significant implica- 
tions for the petroleum industry, be- 
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Diesel engines, driving tractors, are 
used extensively in agriculture, as well 
as in lumbering, mining, highway work. 

In this illustration is shown a Diesel 
type tractor and a double disk drill in 
use on the 857-acre farm of E. G. 
Hawman near McMinnville, Oregon. 


Diesel fuel, constitute therefore less 
than 1 percent of all motor vehicle 
registrations. 

Similarly, motor trucks of all 
classes consume about 40 percent of 
all gasoline used in the United States, 
and the 5 percent of all trucks that 
come within the 2%-ton or larger 
class probably would account for less 
than 5 percent of total gasoline de- 
mand. 
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Consequently, even a _ complete 
Dieselizing of all trucks of 2% tons 
or greater capacity would cause a 
contraction of only about 5 percent 
in gasoline demand. And that de- 
crease would be compensated only 
partially, by an increase about half 
as large, in fuel oil consumption, be- 
cause of the greater efficiency of the 
Diesel engines. 

At the close of 1937 there were 
4,255,296 trucks of all classes regis- 
tered in the United States, and about 
175,000 were of the 2%4-ton or larger 





class. During 1937, new registrations 
consisted of 618,249 trucks of all 


classes, and about 20,000 of them, or 


approximately 4 percent, were in the 
2'4-ton or larger classification. 

At present the savings offered by 
the Diesel-powered vehicle as com- 
pared with the gasoline-motor unit 
are two-fold: (1) the smaller con- 
sumption of fuel per mile, and (2) 
the smaller cost of the fuel per gal- 
lon. However, the second saving can- 
not be considered as one that may be 
depended upon for any extended pe- 
riod. Already, many states tax fuel 
oil on the same basis as gasoline, and 
the others will do so as fuel oil use 
on the highways substantially in- 
creases. Furthermore, increased use 





of fuel oil by automotive Diesel en- 
gines would tend to bring the price 
of that oil up in line with that of 
gasoline. 

Thus the saving offered by the 
Diesel engine ultimately must be lim- 
ited primarily to that arising from 
the inherent efficiency of the engine. 
This saving itself is, however, large. 
In practical experience, it has been 


and made the original costs of the 
Diesel power more attractive. But at 
the same time, the lowering of the 
equipment prices has been largely 
offset by increases in fuel oil prices 
and the imposition or increasing of 
taxes on fuel oil by many states. 
Similarly, any additional lowering of 
the equipment prices through mass 
production likely will be at least par- 


Big Trucks Find Them Economical 


found that in general, Diesel-driven 
vehicles cover almost twice as much 
mileage per gallon of fuel as do the 
gasoline-motor vehicles. 

Thus the Diesel-driven truck is 
economically justified when the sav- 
ings on fuel are large enough to com- 
pensate for the prevailing materially 
higher cost of the Diesel equipment. 
Heretofore, the Diesel power has 
been employed primarily in cases 
where the fuel savings were unusual- 
ly large and would amortize the extra 
costs of the equipment within rela- 
tively short periods in less than a 
year in many instances. 

In the past few years, increased 
production of Diesel engines has 
brought costs of the machinery down 


Motor trucks account in a large de- 
gree for the rapidly increasing use of 
Diesel engines. 


Pictured here is one of the six Diesel- 
powered gravel trucks, operated in 
Southern California. The engine is a 
6-cylinder, 150-horsepower unit. 


tially counteracted by raising of fuel- 
oil prices and levying of additional 
taxes on that oil. 

Nearly all truck manufacturers 
now make Diesel models, but none 
specializes on those models or strong- 
ly pushes them as against the regular 
trucks, except in special instances. 

There are around 3500 of the 
Diesel-driven trucks now in use in 
the United States, as compared with 
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over 4,000,000 gasoline motor trucks. 
And in 1937, American manufactur- 
ers made about 3,000,000 horsepower 
of automotive-Diesel equipment, as 
compared with about 250,000,000 
horsepower in gasoline - automotive 
engines. 

While the motor-truck field offers 
the outstanding possibilities for in- 
creasing use of Diesel engines, im- 
portant gains in application of Diesel 
engines are occurring also in other 
fields, particularly the other mobile 


As in trucks, the Diesel power is 
practical to some extent in buses, es- 
pecially the larger units traversing 
long routes within cities or between 
cities. At the end of 1937 there were 
130,600 buses in use in the United 
States, or 6700 more than one year 
previously. 

Another especially important ap- 
plication of Diesel engines, and one 
that is rapidly growing, is in running 
tractors, on farms and throughout 
industry, where use is sufficiently ex- 
tensive to afford important savings 
on fuel. Several tractor manufactur- 
ers are making the Diesel models on 
a mass production basis. At present 
there are probably about 1,350,000 
tractors in use in the United States 
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on the farms alone, and the number 
in use is increasing around 5 percent 
each year. 

Railroads have been turning to 
Diesel power increasingly in the past 
few years, having found it particu- 
larly adaptable to switching locomo- 
tives and to the modern, streamlined, 
fast passenger trains. The first Diesel 
switching locomotive was put into 
use about 1925, and the first of the 
Diesel - powered streamlined trains 
ran 104 miles an hour in Pennsyl- 
vania in 1934. Now there are over 
230 of the switchers in use and more 
than 40 of the high-speed trains. 
In 1936 and 1937 Class 1 railroads 
bought 124 Diesel-electric locomo- 
tives, including 87 switchers. Those 
locomotives were 18 percent of all 
that the railroads bought in that pe- 
riod. The advantages in switching 
are definite, although those in regu- 
lar service are not so pronounced. 

Another important use of Diesel 
equipment by the railroads is in cool- 
ing refrigerator cars. 

A long established and wide use 
for Diesel engines is in marine serv- 
ice, where Diesel plants have a dis- 
tinct advantage in their relative free- 
dom from the hazard of fire. The 
safety from fire makes Diesel equip- 
ment especially desirable on oil tank- 
ers. The Diesels have come to be 
used universally in submarines. In 
the United States the principal uses 
for marine Diesels are in fishing 
boats, tugs, dredges, ferries, and 
river boats. The United States is 
using Diesel plants in only about 10 
percent of the vessels of 100 tons or 
over, but the rest of the world is 
using them in over one-half of the 
ships. In the past 10 years the world 
as a whole was building 3 motorships 
to 1 steamship, but the United States 
was building only 1 motorship to 3 
steamships, trying to hold down 
costs, and being not so greatly con- 
cerned with fuel costs. The Diesel 
ship requires considerably less fuel 
per horsepower hour at sea than the 
steamship, and its waste heat is used 
for heating, lighting, and other pur- 
poses, making the thermal efficiency 
of the Diesel ship around 50 percent, 
against about 25 percent for the 
steam plant. 

So far there has not been any com- 
mercial Diesel development in air- 
planes in the United States. But the 
Germans as early as 1936 established 


a trans-Atlantic air mail and ex- 
press service to South America, using 
Diesel-engine planes. They subse- 
quently have used the Diesel units in 
twin-engine transport planes on the 
regular German air lines and in Ger- 
man bombing planes. For military 
purposes, the Diesel plane ultimately 
may have the advantage of being im- 
mune to any anti-aircraft electrical 
rays or beams that might be devel- 
oped for incapacitating the electrical 
ignition system of a gasoline-motored 
plane. For the Diesel engine operates 
on a different principle, and does not 
have a spark-ignition system. Other 
countries besides Germany, partic- 
ularly the United States, have be- 
come interested in aviation Diesels, 
but have not made any important 
progress. 

There has been considerable talk 
about the possibility of putting Diesel 
engines in passenger cars, but so far 
the Diesel-driven automobile has not 
appealed to purchasers. 

In stationary use, Diesel engines 
are variously and widely employed. 
They are found practical in some 
municipal and private power and 
lighting plants, particularly in loca- 
tions isolated from the large cen- 
tral stations and transmission lines. 
There are at present over 700 munic- 
ipally-owned Diesel-electric light and 
power plants in the United States. 

The Diesel equipment also is found 
desirable in ice manufacturing plants, 
ice cream factories, flour mills, cot- 
ton gins, and machine shops, and in 
mining, irrigation, the lumber and 
logging industries, the rock products 
industries, and the petroleum in- 
dustry. The applications in the oil 
industry include those at pipe-line 
pump stations and on drilling rigs. 
The Diesel engines are particularly 
desirable for drilling in wildcat areas 
or other districts where water is 
scarce or where the fuel supply is an 
important problem. 

The Diesel engine was invented by 
Dr. Rudolph Diesel, who was born 
in 1858 in Paris of German parents. 


Diesel engines offer important possi- 
bilities in the motor bus field, affording 
freedom from fire hazard as well as 
fuel economy. These Diesel-electric 
buses are in service in the Public Serv- 
ice Coordinated Transport of New Jer- 
sey. They are part of a fleet of 27 
Diesel buses operated by the company. 





He was almost killed when he tried 
to start his first engine in 1892, but 
built a practical engine in 1897. He 
made a fortune from the invention 
and was honored throughout the 
world. But on September 29, 1913, 
Dr. Diesel, wealthy and in good 
health, and carrying important pa- 
pers, boarded a steamer at Antwerp 
bound for London, and sailed into 
mysterious oblivion. The sea was 
calm and the weather good as he 
took a walk on deck in the evening 
before retiring to his cabin. Dr. 
Diesel was missing when the ship 
docked, and his disappearance was 
never solved. 

The Diesel engine is an oil-burning 
internal-combustion engine without 
carburetor, spark plugs, or electric 
ignition. Oil is injected into the en- 
gine cylinders in an atomized condi- 
tion just before the piston reaches 
the top of its compression stroke. 
The heat of compression in the cyl- 
inder ignites the mixture of oil and 
air, which burns without explosive 
violence ; and expansion of the gases 
of combustion continues during the 
downward power stroke of the pis- 
ton, supplying the necessary energy 
for running the engine. 

On the downward or admission 
stroke, the intake valve opens and 
pure air is drawn into the cylinder 
through the intake manifold. On the 
second or compression stroke, both 
intake and exhaust valves are closed, 
and the air is compressed to approx- 
imately 380 pounds pressure. The 
heat of combustion raises the tem- 
perature to approximately 900° F. 

Just before the piston reaches the 
top of the compression stroke, the 
injection valve opens, admitting a 
charge of finely atomized fuel. The 
temperature of the compressed air 
in the cylinder being much higher 
than the ignition point of the oil, 
combustion takes place without the 
use of spark plugs or any other heat- 
ing devices. 

The rate at which the fuel oil is 
injected into the cylinder is so grad- 
uated that ignition and complete 
combustion take place without ex- 
plosive violence, producing a pro- 
longed, constant pressure working 
stroke. On the next upward stroke, 
the exhaust valve opens and the as- 
cending piston expels the burned 
gases to the atmosphere, thus com- 
pleting the cycle of operation. 











